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PROCEEDINGS OF THE SOCIETY FOR 
HORTICULTURAL SCIENCE. 

1914 

President (Jorbett: It is my pleasure to call to order the 
eleventh annual meeting of the Society for Horticultural Science. 
The program which is offered is one of the fullest that has ever been 
presented and the general character of the topics indicates that the 
original concept of the Society has been kept well in mind by those 
on the program committee. 

The extent of the program and the number of those assembled to 
participate in the jiroceedings demonstrate the need which ijxisted 
for such a society and the wisdom and good judgment of its 
founders.. 


ISTEW VEGETABLE INTRODUCTIONS. 

By D. N. Shoemaker, £7, Dept, of Agr., yfashingioUf />. 

(Since the United States Department of Agriculture will soon 
issue bulletins on tin* different vegatables mentioned by Mr. Shoe¬ 
maker, his address is not printed in this report.) 

CLASSIFICATION OF SWEET POTATOES. 

By H. M. CoNOLLY, V, S, Dept, of Agr,, Washington^ I>. C. 

(The classifi(*ation discussed by Mr. (!onoIiy will appear in the 
near future in a bulletin piiblisherl by the United States Department 
of Agriculture.) 

PRELIMINARY REPORT ON CELERY STORAGE 
INVESTIGATIONS. 

By H. C. Thompson, 17. Depi, of Agr., Washington, D, V. 

There are threi* distimd methods of storing celery, trenching or 
covering in the fndd. storing in a <*ommon storage house of the 
cellar or semi-<*ellar type, and storing in cold storage warehouses. 
The first two methods are rather old, but the last one is new and 
the principles involved are entirely different from those involved in 
either of the first two methods. 

Storing celery in cold storage warehouses presents a large num¬ 
ber of problems of which none have been fully solved. With a view 
of studying these problems and, if possible, solving them, the United 
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States Department of Agriculture started some experimental work 
on celery storage in 1912. Before taking up the experimental fear 
tures of the work the speaker made a general study of the problems 
in the field, in the storage house and on the market, in order to get 
a definite idea as to wliat are the most important problems. One of 
the first things observed was that (telery nearly always decays in 
the center of tlie crate before it does near the outside, and also that 
in many cases the wbol(* center decays so badly that it looks as if it 
had been scooped (»ut. It was also observed that some lots of celery 
went down in storage much quicker than other lots stored under 
the same or very similar conditions, and that the celery in the top 
tier of crat(*s nearly always decayed before that in the low'cr tiers. 
The problems are to find the causes of these eonditions and then 
to find the remedii^s. This called for work in the field to see that 
the experimental lots of celery were grown ami liandled under the 
same eonditions, investigations in the storage house to find out if 
the conditions are tlie saiue in all parts of the house, and observa¬ 
tions of file eelery in transit to see if the teiiqu^ratiire is about the 
same in all ]>arts of tiu* car. 

The tlecay of ('eho*y in the e<mter of tlu^ large crate appeared to 
h(‘ ilu(‘ to heating eaused In laek of ventilation. To test this point 
several type's of m'ates wt^n* nmde uy) and were used in storage to 
company with the standard (‘rate. One of tlu^se was the standard 
(‘,rat(' with a vtudilatcMl ])artitioii in the (vnh'r. The partition 
divides the crate into two secdioiis and is made by nailing three or 
four slats on ea<*h side of one-ineh posts. The posts and slats are 
tlu' same size as tlios(‘ used for the heads. I'liis type of ventilator 
allows air to cir(‘ulat(‘ through the crat«' from the top, l)ottom and 
sides. In addition to this crate s<‘veral smaller ones have been used. 
The small crates were of four sizes: Id ineh(*s, 12 inches, 14 inches 
and 16 inches wid(‘. and the same hmgth and deydb as the standard 
crate. 

To test tliese diflVnmt types of crates a g(»od field of celery practi¬ 
cally fre(' from diseast* was selected from which to se(*ure material 
for storage. All of tlu' (‘rates were i)aekt‘d and handled as nearly 
alike as possihh*. At ijitervals during the storage period the celery 
was examiiu'd and some uas takem out and graded at two or three 
different times. In 1912, ceh'ry was seimred from Arkport, N. Y., 
and stored at KImira,, lln* eeh*ry was harvested October 25 and 
put in the storage house during the forenoon of October 26, This 
celery was examined at the (nul of one, two and three months. AVhen 
the first examination wa-s made the celery in all of the crates was in 
nearly perfect condition. At the (uid of the second month very lit¬ 
tle difference was notieeahle except in the color and slight decay of 
the foliage in the c(*nter of the standard crate. At the end of the 
third period (Jan. 20 and 21, 1912.) the celerA^ was taken out of 
storage and prepared for market. Tt was graded into two grades, 
No. 1 and No. 2. In five standard crates there was an average of 
81 stalks of No. 1 and 15 stalks of No. 2, or 86 per cent No. 1 and 
14 per cent No. 2. In 5 partitioned crates and 5 half-crates there 
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was 1.2 per cent of No. 2 celery. The difference in the market value 
was even greater than the figures would indicate. The celery in the 
standard crate had less foliage than the celery in the other crates 
so did not sliow up as well on the market. The dealer who pre¬ 
pared it for market estimated that the celeiy in the partition and 
half crates was worth at least one-fourth more than that in the stand¬ 
ard crate, because of the difference in the amount and color of the 
foliage. 

In 1913, three lots of celery were put in storage, one each from 
Arkport, South Lima and Rochester. The tii st two lots were stored 
at Elmira and thi‘ last at Rochester. All of it was examined after 
being in storage about a month and a half and again a month later. 
At the time of the first examination it was in good (iondition and 
there was practic^aily no difference in the v^arious types of crates. 
Some of that from Arkport and South Liina was taken out and 
graded for market on January 22 and 23. There w^as not a great 
difference in the a})pearance of that in the different crates at this 
time, but wdien it was taken out and graded there was <iuit(* a notice¬ 
able difference in the ('olor and amount of foliage and of decay on 
the foliage. Wtiil<‘ tin* size of the stalks largely determines tlie 
grade when only two gradevs are* maele. this is not the e)n1y fae’te)r 
which affects tJie price. The amount anel ce)]or of the^ foliage have 
considerable inffueuKM} on market value. While the stalks in the 
standard <‘rates showeMl very little eleeway the*, foliage was so badly 
decayed that much of it luid to be rennoveel anel that not rennoved 
was so yellow that it eletracted from the appearane*e of the^ le>t. That 
in the small and in the ])artition craters had good foliage* and brought 
15 to 20 per cent higlieu* prie*.e* than tliat in the standard craters. 

. Wiiile the differeme^* in the kiM'piiig epuditie's of celc'ry in the differ¬ 
ent types of crates w^as epiite marked in tlanuary after it had beem 
in storage a little over tw^o and a half months, the gre^atest differ¬ 
ence was show n when the last lots were taken out on Februaiy 13, 
and carefully sorted into 4 grades. No. 1, No. 2, No. 3 or “hearts,’’ 
and No. 4 (total decay). The results of this grading are sliown in 
the following table: 


Type of cjrate 

1st grade j 

2iid grade | 

3r(i grade 

4th grade 



Per 1 


Porj 


Per 

Per 


No. 

cent| 

No. 

cent; 

No. 

cent 

No. cent 

16-inch. 

' lU 

78 I 

31 

18 

7 

4 

0 0 

Partition... 

! 124 

65 1 

54 

28 ! 

10 

5 

4 2 

Standard... 

i 92 

1 

37 1 

!>6 


46 

19 

12 5 


It will be noticed that the 16-ineh crate gave better results than 
the partition crate, but this is probably due to the fact that there 
waB a little drip from the pipes on the celery in the upper partition 
crate. Both the 16-inch crate and the partition crate were much 
better than the standard crate. It should be borne in mind that this 
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celery was in storage aliout a month longer than the ordinary stor^ 
age period. Other celery in the same room had rotted quite badly 
a month before this last experimental lot was taken out. 

When keeping qualities alone are considered there is practically 
no difference in the different types of crates for the first months pro¬ 
vided the celery is properly handled before it reaches the storage 
and that the temperature is kept at 31 or 32 degrees F. During the 
second month not mucli difference is seen where the conditions in 
storage have been the best, but during the third month there is eon- 
siderable difference, espe(dal]y in the amount and character of 
foliage, that in the standard crate showing to a decided dis¬ 
advantage. The greatest advajitage in using small or ventilated 
crates is in lengtlu‘ning the storage period. Even under the best of 
conditions two and one-half or three months are about the limit for 
celery packed in standard crates, while that in the small or venti¬ 
lated crates <*,an he kept at h^ast 4 months. 

Ther(‘ are many otlier points to be consid(*re(l in connection with 
the type of craters sucli as cost, durability and ease of handling. The 
standard crate is th(» cheapest in proportion to the ainount of celery 
it will carr^^, but it is easily broken and is ver}^ unwieldy to handle. 
The ventilated paitltion crate is as unwieldy to handle and costs 20 
to 25 per cent more than th(‘ standard crate, but it is decidedly more 
durable and keeps th(», celery in much better condition. Many of 
the slats on the standard crates are broken in handling and piling 
and this allows the upper crates to crush the celery in those below. 
This (‘rushing and bruising not only injures their appearance but 
causes breaks in the stt‘ms through wiiicli dist^ase germs may enter. 
The partition crate has three points of support instead of two so 
that when stackinl tlm weight of the ujqier erates is distributed over 
the om^s below. The units of the partition crate are too small to 
allow' the (‘orner of oin* (*ratf‘ to j)roj(H*t downi into tlu^ one below. 
The sjieaker beli(*V(*s that a (‘rat(* sumlhir than the standard is to be 
pref<u*r(id because of (*ase in handling. The celery will kecq) better 
in a small crate than in a large one without a ventilator, and the 
smaller one will not b(» so b.adly brok(»n in handling. The increased 
cost of small (crates would be made up many times hy the higher 
price received for the (‘(‘lery. in many cases the large crates are 
so badly broken before they reach their destination that they have 
to be patched up or ruwv ones made before the celery can be mar¬ 
keted. The cost of the extra work is considerable, but this is not so 
important as the injury done to the celery by crushing when the 
crates collapse by extra handling. The speaker has seen celery come 
on the market in such a condition that the value w?is tiot more than 
one-half what it should have been simply be(iause the crates w^ere 
broken and the celery luKily bruised an(l crushed. 

Tempekatuke REa)RDs IN Cahr Durino Transit. 

In order to find the amount of variation in temperature in differ¬ 
ent parts of the car while in transit, readings Were taken in five earn 
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of celery. These readings were made by means of electrical ther* 
mometers with (iable attachments. By using the cable attachments 
it is possible to take temperature readings in a number of places in 
the car without opening the doors or vents. Jn the work this sea¬ 
son temperature njadings were taken in twcdve places in the car,, 
namely, in the celery in tlie bottom crate at front end, rear end, and 
centre of ear, in the (icdery in the top crate at front end, rear end, 
and centre of car, and in the air alongside each of these crates. 
These readings were Ujkeii in five* cars of celery, two from South 
Lima, N. Y., to Jersey City, and threti from South Jjima to llornell, 
N. Y. The length of time the c(dery was in transit from South Lima 
to Jersey (Hty was Jb hours and 66 hours, in<*luding tlie time the 
cars were in the yards before th(\v wer(‘ unloaded. Tlie cars shipped 
from South Lima to llornell were in transit from 18 to 24 hours. 

The records se(*ur(»d this season sliow that there is a great differ¬ 
ence in the temperature of the eeleiy and of flu? air at the different 
heights and in different parts of the car. Tlie highest celery 
temperature* was in tlie top crate in the cent(‘r of the car, and the 
lowest celery teriijierature M^as in the bottom erate in the front end 
of the car. Th(* highest air temp(*rature was at the top crate in the 
center of tlie t'ar and the* lowest air temperature was at the bottom 
crate in the front end of tlie car. There was some difference between 
the air and celery temperatures at th(‘ same lo(*utioiis in the car. 
The following table giv(*s tin* highest, lowest and average celery and 
air temperature in an iced car shipped from South Lima, N. Y., to 
Jersey City: 


Beginning of Trip. 

Highest in celery. 57| degrees F. 

Lowest in celery. 

Average in celery. 511 

Average in celery, top tier... 54| 

Average in air, top tier. 561 

Average in (*elery, bottom tier 49 
Average in air, bottom tier.., 45 


End of Trip. 

62J degrees F. 
32A 

49 J 
59| 

50 
41 
86 


It will be noticed that the difference between the highest and low¬ 
est celery temperature at the beginning of the trip was 20 degrees 
and at the end of the trip 30 degrees. In other words the tempera¬ 
ture of the celery in the top (irate in the center of the car went up 
while that in the bottom crate in the front end of the car went down. 
This accounts for the greater difference in the highest and lowest 
celery temperature at the beginning and end of the trip. The aver¬ 
age celery temperature in the top tier was 9 J degrees higher than the 
average air temperature at the same place,"while in the bottom tier 
the average celery temperature was only 5 degrees higher than the 
average air temperature. 

In one iced car shipped from South Lima to Hornell the tempera^ 
ture records are as follows: 
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Beginning of Trip, 

Average in celery, top tier_63 degrees F. 

Average in air, top tier. 60^ 

Average in celery, bottom tier 62 
Average in air, bottom tier... 50 
Average in air, center of car. 63 
Average in air, A end of car.. 48 
Average in air, B end of car.. 47^ 

Outside air. 62 


End of Trip. 

64 degrees P. 
57 ^ 

52i 


45 


58i 

47 

43 

71 


The temperatur(? of the outside air dropped from 62 degrees at 
6:30 P. M., October 21, to 47 at 4:00 A. M., October 22, then went 
up to 71 degree's at 11:00 A. M. It will be noticed, however, that 
the outside air had no appreciable influence on the inside air or 
celery temperatures. 

Jn a car shipped without ice from South Lima to Homell the 
ternperatur(» re(*>ords are as follows: 


Beginning of Trip. 

Average in celery, top tier... 49 degrees F. 

Average iu air, top tier.47i 

Average in cel(*ry, bottom tier 461 
Average in air, bottom tier.... 451 
Outside air. 52 


End of Trip. 

50 degrees P. 

46 

46 ^ 

45 i 
49 


The ternperatun^ of the outside air dropped from 52.1 degrees at 
midnight, October 31, to 38 at 6:45 A. M., November 1, then went 
up to 49 at 8:45 A. M. It will l)c noticed that there was not so 
much difference in the temiieraturc in different paris of this car as 
in th(i iced cars, hut the fact that tin* celery was cool when loaded 
and that the outside air was lower in temperature tlian it was when 
the iced cars were shippcnl probably accounts for this difference. 

All of the car tem})erature records show that there is quite a 
difference in temperature at different heights in the car, both in the 
ends and in the center. There is also quite a differetxce in tempera¬ 
ture between the ends and center of the car, and between the air and 
celery temperature at the same locatiou. These temperature records 
are so similar to those secured with fruit in transit that the speaker 
believes the same principles are involved and that the same remedies 
are applicable. Pre-cooling has been found of great value in fruit 
transportation and there is no reason to believe that it will not be 
just as satisfactory for vegetable transportation. When fruit is pre¬ 
cooled, tliere is not so much difference in the temperatures in differ¬ 
ent parts of the car, and the temperature does not go so high as 
where it is not pre-cooled. By pre-eooling, the celery would be 
cooler when started from shipping point and would reach the stor-. 
age house at a much lower temperature than it does under present 
conditions. Keeping the temperature low in transit would shorten 
the time required to bring the celery to refrigeration temperatures 
in storage and lengthen the storage period. 
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Tempeb.\ture Records in Storage. 

In the storage house, temperature records have been secured to 
show the differem*e in air tenipei-ature at different heights, difference 
between air and (lelery temperature at the same height and differ¬ 
ence in celor;\" teinperatiin^ in different sized crates. These read¬ 
ings have been sei'ur(*d by unmans of air thermographs and air-soil 
thermographs. Ijast year the reciords covei'ed a period of over three 
and one-half months (October 27, 191’^ to February 13, 1914) and 
included temperatur(‘ of tlie air at the top of the 1st, 2nd and 4th 
tiers of crates, and tlie cel(U*y temperature in tlie 2nd and 4th tiers. 
This year the following records are being secured: Temperature of 
celeiw in center of standard crafts paitition crate, and 16-iuch crate; 
temperature of air ()nt‘ foot from floor, at toj) of third tier of crates, 
and at. top of liftli tier of (*rates. 

The temperature rettords ftn* last season (1913-14) are given in 
the following table: 


Period 

Ai? 

at 

top 

I Celery in 

Air 

at top 

r 

Date 

No. 

Days 

of 4th ti(‘r 

4th tier 

1st tier 




degrees 

degrees 

1 degrees 



1 

8 

87 

to 

84 

1 55 

to 86 

82 

to 

30 

Oct. 

27 to Oct. 30 

2 

7 




86 

to 84 

80 

to 

81 

Nov. 

17 to Nov. 24 


7 




84 

to 34 

82 

to 

31 

Nov. 

24 to Nov. 31 

4 

7 

80 

to 

30 

84 

to 34 

80 

to 

30 

Dec. 

16 to Dec. 23 

r> 

7 

30 

to 

28 

34 

to 85 

80 

to 

82 

Dec. 

23 to Jan. 6. 

6 

7 

28 

to 

80 

84 

to 35 

80 

to 

82 

Dec. 

30 to Jan. 6 

7 

7 

82 

to 

29 

86 

to 35 

80 

to 

80 

Jan. 

6 to Jan. 13 



(Moved 

to 

( Mov(h 1 to 




I 



I 

1 

2n(l 

tie 

r.) 

2n<] 

tier.) 






8 

7 

29 

to 

80: 

85 

to 84 

80 

to 

80 1 

Jan. 

13 to Jail. 20 

9 

7 

28 

to 

80 

88 

to 35 

80 

to 

80 1 

Jan. 

20 to Jan. 27 

10 

7 

28 

to 

80 

85 

to 86 

82 

to 

82 1 

Jan. 

27 to Peb. 3 

11 

7 

28 

to 

8fj i 

35 

to 86 

80 

to 

81 ! 

Feb. 

3 to Pcb. 10 

12 

! 0 

28 

to 

28 1 

34 

to 35 

84 

to 

.84 1 

Feb. 

10 to Peb. 13 


The above table shows a lower temperature at the tof) of the fourth 
tier than at the to}> of the first tier, but this is due to the fact that 
the thermograpli which recorded the temperature at the height of 
the first ti(‘r was near tlie door while the thermograph on the fourth 
tier was near one corner of the room. Ther(» was no place to put a 
thermograpli at tlie height of the first tier at the time this celery 
was put in except near the door because the room was full of celery. 
The temperature of the air at the top of the fourth crate is compar¬ 
able with the celery temperature in the fourth crate as the two 
thermographs were side by side. The table given above shows that 
the records were not kept from November 31 to December 16. This 
was due to the fact that the foreman of the storage house was so 
busy he forgot the thermographs. The records are, however, com- 
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piete enough to show the difference in temperature between the 
celery and the air. 

The temperature records for this year (1914-15) are given in the 
table below: 


Period 

1 

ng 

A 

cc 

^ 

.S 

i ! 

Si, » ‘ 

a 'S ^ I 

..-i CO ^ I 

b " 5^ ! 

4-. 

c 

O 

1 

on 1 

O/ 

OU ; 

S) 

P-( 

CO 

cw cp 

O t 

Ci, ^ 

o tic 

Is 

iS £ 

*'o ^ 

N().| 

Days 

^ TJ ^ 

O- ^ 

t I 

< 

1 


<L> 

Cu 

o 

1 

a 

67 to il7 

(55 to 87 I 




27 to 33 


2 

2 

36 to 36 

JJo to 84 j 



i 

i 32 to 34 


3 

7 

36 to 3.5 

88 to 84 I 



1 

32 to 32 

37 to 35 

4 

7 

35 to 33 

: 8.5 to 84 ; 

82 

to 

31 1 

i 33 to 33 

36 to 34 

f) 

7 

I 36 to 3.3 

, 8.5 to 84 I 

82 

to 

31 i 

1 32 to 31 

1 35 to .33 

6 

7 

I 36 to 37 

i 84 to 34 i 

31 

to 

30 

1 31 to 30 

1 34 to 34 


The records givt^ji ahov(» are not as eoniplelt* as desired because in 
some iiistauees the piois failed to make a mark and in others the 
record sheets W(‘re so blurnMl that the lim* eouhl not be made out 
with certainty, 'rhe th(‘rmograpli used in 16-iii('h crate did not 
record corrcMdly so the r(M‘ords an* not used in this paper. It should 
be borne* in mind that this work had l)een carried on a long distance 
from headquarters and that it has been iiec<»ssary to depend on iii- 
experieiieed men to change, the re(*ord sh(*ets aiid keep the thermo- 
gra])hs running. The speaker visits the storage houses three or four 
times during tlie storage period to (*xamine the etdery and to see 
that the thormograi)hs are j)roperly regulat(‘d. It would be mueh 
better if someone interi*sted in the work could visit tln^ house once 
a week to e.luinge tin* r(*(^ords and note the condition of the celery. 

The n^cords taken in the storage hou.se show that the celery runs 
higher in temperature than tlie air at tlie sami* height. The great¬ 
est difference between the (‘eleiy and air tem})erature is at the 
beginning of storage when celery is being brought in from tlie out¬ 
side. Toward tin* end of tlie storage p(*riod when there is consid¬ 
erable decay there is also quite a difference between the temperature 
of the air and <*elery. After the celer>^ has been (*ooled there is a 
period of several weeks wln*n the temperature does not show mueh 
variation. 

Last year the temperature of the celery was 4 to 7 degrees higher 
than the air at the same height, the smallest difference being after 
the celery was thoroughly cooled and fiefore decay set in. This year, 
for a period of two months, the temperature of celery in the center 
of a standard crate in the third tier has beeai 2 to 6 degrees higher 
than the temperature of the air at the same location. The celery in 
the partition crate has been 1 to 2 degrees lower than that in the 
standard crate. The temperature of the air at the top of the fifth 
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tier hajs been 2 to 4* degrees higher tlian at 1 foot from the floor, and 
2 to 3 degrees higlier than at the top of the third tier. No doubt 
there would have been a greater difference in temperature between 
the top and bottom if no records were being kept for as soon as the 
temperature at the top of the room gets much higher than at lower 
levels the room is ventilated and electric fans started to change the 
air. in many storage houses very little attention is paid to ventila¬ 
tion and circulation oL* air and in these there is a greater difference 
in temperature between the top and bottom of the room than where 
ventilation is given. Even if close attention is paid to ventilation 
and circulation, the celery in the top crates decays sooner than that 
in the lower <amtes, hut the difference is not so great as in poorly 
ventilated houses or where the air is not moved. 

The temperature records secured during the past two years and 
observations in a large number of storage houses the past three 
years have led the s]>eaker to conclude that celery is never inactive 
while in storage. For a period of several weeks, the leuglli of time 
depending upon tlie stage of ripeness of the celery when stored 
and upon the conditions in the storage house, normal maturing 
processes go on in storage twen at a temperature of 31 or 32 degrees 
until the celery is rii)(‘. When the ripening pnx^esses cease decom¬ 
position sets in and never stops until the ct4ery is completely de¬ 
composed. Of course, the rate of ripening ami of decomposition 
depends upou the temperature maintained in the storage house. 
Where the temperatun* is maintained between 30 and 32 degrees the 
rate of ripening and decomposition is slow. The greater the varia¬ 
tion or fluctuation in tempm'ature, the shorter the storage period. 
When the temperature goes al>ove 32 there is a sweating of the walls, 
pipes and celery and this moisture aids decay. In both ripening 
and decomposition, heat is given off and this accounts for the fact 
that the temperature- of the celery is higher than that of the air at 
the same IcKiation. 

TERTILIZER EXPERIMENTS WITH KALE. 

By T. C. Johnson, 

Virginia Truck Experiment Station^ Norfolk^ Va, 

The truck farmers in Eastern V'jrginia follow a system of crop 
rotation which re(iuires the use of the land for vegetables practi¬ 
cally twelve mouths in the year. The largo acreage devoted to this 
work renders it (iifficult to obtain sufficient stable manure to main¬ 
tain tlie soil fertility, hence they have been fonted to resort to the 
use of large quantities of commercial fertilisers. Frequently 1600 
to 2000 pounds per acre of these materials analysing 6 per cent 
nitrogen, 5 per cent phosphoric acid and 6 per cent potash will be 
applied to the land for a crop of potatoes which is planted in Febru¬ 
ary and harvested in June. The potatoes are followed immediately 
by corn or an annual grass, which in turn is followed by spinach 
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in September or October. The spinach received from 1000 to 2000 
pounds of fertilizer analyzing 8 per cent nitrogen, 3| per cent 
phosphoric acid and 2 per <jent potash. Early cabbage plants are' 
set between the spinach in January'. Sufficient plant food remains 
from the spinach to start a rapid early growth, but from 500 to 800 
pounds more fertilizer are added late in March to stimulate early 
heading. The cabbage is nsually followed with cow peas ivhich are 
turned under preparatory to repeating the rotation. It will thus 
be seen that from 3000 to 4500 pounds of high grade commercial 
fertilizer are used per acre in the two-year rotation ])racticed. It is 
hardly nec(‘ssary to add that marked injuries to the jilants fre¬ 
quently follow this e\cesHiv<‘ and injudicious use of (‘ommercial 
fertilizer. 

In 1908 we inaugurat(‘<l a serhs of experiuuuits to determine the 
best methods of treating these lands to maintain their fertility. A 
tract of Norfolk sandy loam soil \\hi<'h had not been previously 
treated with comnu^nual fertilizers was selected for the work. It 
was dividtni into a serit^s of plats, one-twentietii of an acre ea(*h, ex¬ 
tending north and south. Tlie ]>lats w(‘i*(‘ sub-divided into eight 
sections extending east and west. Seetions one to four in all of the 
plats were (*ropped with two vt^getable or forage erops annually. 
No humus or vegetable matt<‘r W’a*s added to these sections t^xcept 
the roots of the plants wiiieh were unavoidably left in the ground 
when tlie (‘ro])s w’en^ harvt‘st(Kl. 

In the first fiv(‘ years of the experiments, se(*tions 5 in all the 
plats produced jxitatoes iu tlie spring and erimson (dover was sown 
after the potatoes were harvested in July. The clover was turned 
under the next spring b(*for<* planting tlu' ])otatoes. Sections 6 
were treated similarly to stHdions 5, except they w^ere given four 
applications of 15(K) pounds of hydratcil lime per acre during the 
continuation of the experiments. Sections 7 wcjv given an annual 
applieatiou of fifteen tons of stable manure, and four ai)pli('ations 
of 1500 pounds each of hydrated lime per acre during the experi¬ 
ment. Sections 8 were treated similarly to sections 7, exee]>t they 
did not re<»eive any lime. Sections 7 and 8 w’t^e planted to potatoes 
in the spring and followed by corn in rluly of each y(‘ai. J^ach plat 
was given an aniiiiai application of commtn‘(*ial fertilizer as follows; 

Plat B-73.—Nitrogen 4 per cent (, nit rate of soda 2 ]ier <»ent, sul¬ 
phate of ammonia 2 per eent'l 
Phosphorh* Acid 6 per cent 
Muriate of Potash 8 per cent 

4000 pounds i)er acre. 

Plat B-74.—^Nitrogen 4 per cent, (nitrate of soda 2 per cent, sul¬ 
phate of ammonia 2 per cent) 

Phosphoric Acid 6 per cent 
Sulphate of Potash 8 per cent 

4000 pounds per acre. 
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Plat B-75.—Nitrogen 4 per cent (nitrate of soda 2 per cent, sul¬ 
phate of ammonia 2 per cent) 

Pliospliorie Acid 6 per cent 
J^Iuriate of Potasli 8 per cent 

2000 pounds per acre. 

Plat B-76.—Nitrogen 4 per cent (nitrate of soda 2 per cent, sul¬ 
phate of ammonia 2 per cent) 

Pliosplioric Acid 6 per e(»nt 
Sulphate of Potash 8 per cent 

2000 j)ounds per acre. 

Plat B-78.—Sulphate of Ammonia, 20 per cent nitrogen 

800 pounds per acre. 

Plat B-79.—^Nitrate of Soda, 14 per <.*ent nitrogen 

1200 pounds per acre. 

Plat B-83.—Acid (Rock) Phosphate. 16 per cent available phos¬ 
phoric acid 

2000 pounds per acre, first year 
1000 pounds i)er acre, subsequent years. 
Plat B-86.—Floats (untreated) 

4000 pounds pt^r acre, first year. 

2000 ])ounds i)er acre, subse(pumt years. 
Plat B-88.—Kaiiiit, 12 per c<mt actual potash 

1000 ]K)unds per acre. 

Plat B-89.—Sulphate of Potash, 50 per <*ent actual potash 

500 pounds per a(*re. 

Plat B-90.—Suli)hat(‘. of Potash, 27 per (*ent actual poUish (also 
iini)urities) 

500 pounds p(U' acre. 

Plat (^-75.—Nitrogen 4 per c(‘nt (nitrate of soda) 

Phosphoric Acid 10 per cent 

1000 pounds i>er acre. 

Plat 0-77.—Nitrogen 4 ])er cent (nitrate of sodaj 
Muriate of Potash 8 per cent 

1000 pounds per acre. 

Plat C-84.—Phosphoric Acid 10 per cent 
Muriate of Potash 8 per vent 

1000 pounds per acre. 

After the spring crops were liarvested in 1912 the entire field 
was plowed and the surface liarrowed occasionally to conserve mois¬ 
ture and pr<»v(;nt the growth of weeds. Immediately l)efore plant¬ 
ing the kale, August 7, the commercial fertilizers were sown broad¬ 
cast ov(»r the respeedivt^ plats and worked into the soil with the 
disc harrow. 

The germination over the entire field was very good, but after 
a few days the plants on Sections 1, 2, 3 and 4 of all of the plats 
on which no phosphoric acid had been applied, showed a weak 
growth and a few days later most of them were dead. On August 
19 those portions of the plats were n^seeded. The plants from the 
second sowing germinated in a few days as did the first, but were 
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soon seen to be in a weak condition, and most of them died before 
the middle of September. On September 20 plants were taken from 
Other portions of the field and transplanted to these portions, thus 
providing a complete stand over the entire field. The transplanted 
plants remained alive until harvest, but made little or not aay 
growth as shown by the yield records. 

A portion of the crop from (‘aeh plat and section was harvested 
December 17 and 18,1912, and the balance January 29 and 30,1913. 
The ground was reworked and set with cabbage plants immediately. 
This crop was harvested in June. Sections 5 and 6 were sown to 
cowpeas, and Sections 7 and 8 received their annual api)licalion of 
fifteen tons of stable manure X)er aere. The entire tract w^as re- 
plow^eil the last of July and commercial fertilizers were applied as in 
former years and tin‘ kale seeds w'^erc planted on August 7. 

The i)lants showed similar peculiarities in gennination and 
growdh to those in 1912. Again plants w’ere transplanted to the poor 
portiofis in order to obtain a complete stand. This crop wms har¬ 
vested l)e<*emh(‘r 9 and 10, 1913. The ground was plowed im¬ 
mediately, and (*abbuge ])lants from tmld frames transplanted to the 
field tin* tirst of Kebrimry, 1914. The cabbage was harvested in 
June. 

Tlie yield from the crop of kale grow’n in tlic fall of 1913 was con¬ 
siderably less than that in 1912, hut this may he accounted for by the 
w'eatluT eonditions prevailing during the months of September, 
October and November, 1913. The yield of Plat B-74 w'as much 
larger Ilian that of P>-73. These two plats received, the same (piantity 
of commen'ial fertilizer, hut the potash of B-74 w^as obtained from 
sulphate of potasli, and that of B-73 from muriate of potash. B-75 
and B-76 received only one-half as much of the same kind of ferti¬ 
lizer as did B-73 and B-74, yet the average kale yield for the two 
years was 11.(> per cent greater, showing clearly tliat the latter re¬ 
ceived too much fertilizer for this crop. The kale average yield from 
plat B-74 and B-7G w as 21.4 per cent greater than w^ere the similar 
yields from plats B-73 and 11-75, showing that sulphate of potash 
gave better results with this crop on tins type of soil than did 
muriate of potash. 

J^lats B~77, B-91, (<-86 and C-90 received no fertilizer whatever, 
but w'er<‘ used as che<*k plats. The average yield from them was 
225.6 pounds. 

B-78 and B-79 received equal and exeessive amounts of nitrogen 
in the form of sulphate of ammonia and nitrate of soda respectively, 
but no phosphoric acid or potasli. 

The yield from the sulphate of ammonia treatments wms 52,4 per 
cent below, and from the nitrate of soda 42.5 per cent above, that of 
the check plat. Sections 1, 2, 3 and 4 of the sulphate of ammonia 
plat gave an avenige yield of .75 pounds per square rod; section 
5 with crimson clover 3.37 pounds; section 6 with clover and lime 
16 pounds; section 8 with stable manure 25.75 pounds, and section 
7 with stable manure and lime 59,62 pounds. The corresnondi^g 
yields for the nitrate of so<la treatments wore 26.41, 21.12, 52.87, 
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58.5 aiici 8M.87 pounds respectively. By the addition ot‘ lime to 
section 7, the nitrate of soda and niamire yield was 42.5 per cent 
greater, and the sulphate of ammonia yield 131.6 per cent greater 
than on se<'tion 8, which received manuri^ but no lime. The cor¬ 
responding yields on the crimson clover section were increased by 
the use of lime 150.6 per cent and 374 per cent respectively. These 
results would seem to indicate that the injurious effects of excessive 
applications of thest^ chemicals may be partly counteracte<l by lib¬ 
eral use of lime. 

Plat B-83 re<‘eived 100 pounds of 16 per cent phospOoric acid and 
produced an average yield of *130.87 pounds, while Ji-86 was troat<?d 
with 200 pounds of 28 per cent floats and produced an average yield 
of 500 pounds. Sf^ctions 1. 2, 3 and 4 of plat B-83 gave an average 
yield of 46.53 pounds; section 5 vvitli crimson clover 73 pounds; 
section 6 with (‘rimson <‘l()ver and lime 83.25 pounds; section 8 with 
stable manun* but no lime 61.37 irounds anti section 7 with stable 
manure and lime 76.75 pounds, while similar sections of ])lat B-86 
produced 51.75 poumis, 8.3.25 jrounds, 79.50 pounds, 65.00 pounds 
and 7-1.25 pounds respectively. Jnme with stable manure increased 
the yield of section 7, plat B-83, 22.5 ]>er (*ent, and of section 7, 
plat B-86, 13.8 jx*!* cciit over stable manun^ aloiu‘, and lime with 
crimson clov(‘r incr(*ascd tin* yield of sr^ction 6, plat B-S3, 13.4 jrer 
cent over erimson clover alone. But linn* with crimson clover 
on similar sections in B-8b decreased the yield 6.3 j)er cent below 
that of (*rimson (4over alone. This decrease is pr()l>ably (explained 
by the excess of lime contained in the floats. 

Plats B-88, 89 and 90 received applications of various forms of 
potash without eitlier nitrogen or phosphoric acid. They produced 
198.5, 199.12 and 211.37 poinids respectively, or 12 per cent, 11.7 
per cent and 6,3 ])er cent less tluui did th(‘ check plats. Sections 
1, 2, 3 and 4 of these plats j>rodu(aHl an average of only 2.3 pounds 
of kale per square^ rod. On sections 5, 6, 7 and 8 the yi(‘l(ls were 
21.12 pounds, 39.5 pounds, 67.3 pounds and 63.5 pounds respect¬ 
ively. Jjime increased th(‘ yield of the manun‘-])otash seetions 5.4 
per cent and that of the crimson clover-potash sections 86.7 per cent. 

Plat (^75 was treated with 1000 pounds per acre of a fertilizer 
combination, 4 per cent nitrogen, from nitrate of soda; 10 per cent 
pliosphori(t ai'icl, from 16 .per <;ent acid (rock) phosphate. The 
average yields for se(dions 1 to 4 was 73.4 pounds per square rod; 
section 5, 84.5 pounds; section 8, 94.5 pounds. The total yield of 
the plat was 637,35 ])ounds. The lime increased the tnanure yield 
in this plat 21.7 per cent, and the crimson clover yield 7.3 per cent. 
J^lat C-77 was treatcMl with 1000 pounds per acre of a fertilizer 
mixture containing 4 per cent nitrogen, from nitrate of soda, and 8 
per cent )>otash, from muriate of potash. Sections 3 to 4 in this 
plat which rtu'tuved no humus or other organic matter in this experi¬ 
ment produced no marketable kale. Section 5 with (U*imson clover 
produced an average of 2 pounds; section 6 with crimson clover pro* 
duced an average of 2 pounds; section 6 with erimson clover and 
lime 17.75 pounds; section 8 with stable manure 42.5 pounds and 
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section 7 witli stable manure and lime 77.87 pounds per square rod. 
The total yield for plat C-77 was 139.6 pounds, which is 38,1 per 
cent less than the check plats which received no commercial 
fertilizers. 

Plat (%84 was treated with 1000 pounds per acre of ferti¬ 
lizer analyzing 10 per cent phosphoric acid from a<‘id phosphate, 
and 8 per <*eiit potash from muriate of potash. Sections 1 to 4 
which received no organic matter produced an average of 36.47 
pounds of kale. Section o on which crimson clover without lime had 
been grown produc'od 77.87 pounds. Section 6 with crimson clover 
and lime 95.62 pounds. Section 8 w'ith manure produced 68.25 
pounds, and section 7 wdlh stable manure and Inue produced 80.37 
pounds. The total yield for the plat w^as 465.25 pounds. By the 
addition of the lime the kale yield from crimson clover section was 
increased 22.8 per cent, and the yield from manured sectioiis 17.7 
per cent. 

As a result of these (*vj)enments we ar(» forced to the following 
conclusions: 

First.—The u.se of excessive amounts of complete eommereial fer- 
tiliziMs is not necessarily follow(^d by eorresponding inereascs in 
production. 

Scv 011(1—The r<‘sults obtained from the iis(‘ of muriate of potash 
in compl(d<* fertilizers are I(*ss satisfactory than are those obtained 
from the use o** sulphate of potash. 

Third.—The use of either sul])ha1e o1 ammonia or nitrate of soda 
in e\e(*8sive quantities is not to he r(‘(*ommejided. But sulpliale of 
ammonia is much more injurious than is nitrate of soda. 

Fouith.--Phosphorit* acid may be us(h1 prolitably without the 
addition of cither nitrogem or potash, but its hcuieficial elfects when 
NO ustd are more apparent if the land is supplied with liberal 
quantitu‘s of stable manure or otlicr forms of organii' matter. 

Fifth.—The use of ]H)tash without phrspli(;ri(* acid is not to be 
recom!ncnd(‘d. 

Sixth.—The use of phosiihoric acid and nitrogen giv(»s satisfactory 
results whem used in combination with stahie manure or crimson 
clover. 

Sewenth.—The use of nitrogen and potash w ithout liberal quanti¬ 
ties of phosphoric’ acid is not to be recommended 

Eighth.—Lime materially increased the yield obtained from both 
stable manure and erinison ciover treated ])lats with all of the com¬ 
mercial fertilizer combinations tc'stcd except when the phosphoric 
acid was obtained from floats. 

It is customary for the farmers to use a fertili/ci analyzing 8 
per cent nitrogen, from 3^ per cent to 5 pem cent nhosphoric’ acid 
and 2 per cent potash for top dressing spinach in the cool winter 
months. 

Ii\ accordance with the results mentioned above, two fertdizers, 
one containing 8 per cent nitrogen, 7 per cent phosphoric arid and 
2 per cent potash, and the other 8 per cent nitrogen, 3^ per ee'^t 
phosphoric acid and 2 per cent potash, were compounded and used 
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for top dressing spinach during the winter of ]91344. Plats 
treated with the 7 per cent phospliorie aeitl fertili;!er }>rodueed 298 
barreJs, and tlie one with tlie 3^ jicr cent phosphoric acid produced 
216 barrels per a(-re, Jt will thus be seen that by iucireasing the 
phospliorie acid content froni 3i to 7 per ('eiit, 37.9 per cent gain in 
yield w^as obtained. 

Prom these data it would s(‘em that fertiliz(*r for us(‘ on kale and 
spinach should <*ontain higher per cent of i)hos[)horh* a<dd and less 
potash than thosi‘ in common us(‘. 

POTATO BKEBDING AND SELECTION. 

Py Wiijj vivi Stcxrt, //'. aS*. D(pt. of Agr., \Vas/u>i(/toN, 1). C. 

(Mr. Stuart’s addnvss is now l)eing printed as I’nitial States 
Department Agriculture Bulletin No. 195.) 

AN INVESTIGATION IN TOMATO BREEDING. 


Bv l\ S. Beeves, 


IloriinAiural Ej'pn'imt nt Station, Vindand Station, Ontario. 

The matter that I have to report is the work of on(‘ season only 
and while none of tlie results are definite either m*gHtively or posi¬ 
tively, yet they indicate iho possilulity of n^sults and give en<*our- 
agement for furtlun- work. In tlie spring of 1914 an experiment 
was outlined to ('ross tli(» tomato with Solan am halhisii in an (effort 
to get the frost resistant (pialities of the latter, without its undesir- 
al)le qualities, incor])orate(l into the tomato. It was not known 
whetlier thes<* two ]>larits wouhl cross or not. their botanical rela¬ 
tionship being so wide, yet it was considered worth the effort. 

Tlu‘ tomato in Ontario is grown largely for (*anning factory j)ur- 
poses as well as for supplying the fresh fruit trade. The plants 
are never s<4 into the field until about the 24th of May although 
we usually g(4 tour or tivi* weeks of l>eautiful growing spring 
weather before this, and in tin* fall in many districts there is dan¬ 
ger of losing a ])ortion of tlie crop by frost Indore all the fruits are 
ripened. Tt was with the object in vi(»vv of jiroducing a plant that 
will stand th(*se early and late drops of temperature that this ex¬ 
periment was undertaken. 

The Solanion halhisii seemed to be an admirable plant wdtb which 
to work ff)!’ it will stand 5 or 6 degrec^s of frost without the slight¬ 
est injury to tin* flowers and at least eight degrees wdthout injury 
to the growing points in the fall. Although no acdual data have 
been obtained with regard to the amount of cold it can stand in the 
spring when the plants are young, yet from observations it is known 
that it (uin endurcj more cold than young tomato plants can en<fure» 

The Solminm halhisii is a native of South America, but the stock 
used came to us troin Ireland where this plant is, I believe, grown 
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m an ornamental annual. The flowers are racemose: calyx 5 parted; 
corolla light blue to white, five lobed, 1 to inches in diameter; 
fruit red, globose; leaves deeply pinnatifld, lobes oblong, sinute or 
even again pinnatifid. The whole plant is much armed with strong 
and formidable spines and blooms profusely through the season. 

The tomato plants used in this experiment were grown by them¬ 
selves, at least 300 feet from any other tomato plants and equally 
as far from the Solamvm balbisii. There were no other Solanum 
balbisii plants grown within 1000 feet of those used in the experi¬ 
ment. 

Fifteen hundred tomato flowers were emasculated and pollinated 
with Solanum balbisii pollen and from these 288 or 19.2 per cent 
fruits developed. These fruits were slow in reaching maturity, and 
about half of tlieiri ripened without attaining normal size. Under 
the eircumstan<*es this would not be expected as there were only a 
few fruits on each vine, twenty-four being the greatest number on 
any one vine. These fruits contained undeveloped seeds, l)ut there 
were a few plumj) seeds in fen fruits of which two had all of their 
se<*ds fully developed. Oik* of these two fruits remained green 
and never took on the (diaracteristic color of a ripe tomato although 
it seemed to ripen otherwise; the seeds Avere plump and normal in 
appearance but small in size. The developed st*eds in the other 
fimits were found in the same cells with the undeveloped seeds. 

Fifteen hundred Solan inn balbisii flowers were also emasculated 
and pollinated with tomato pollen. From tliese about 40 fruits per¬ 
sisted but none attained normal development. In most eases the 
ovary had swollen to about one-fourth inch in diameter and in only 
eight were seeds found, these varied from one to forty-three per 
fruit. These seeds were normal in size, but the fruit attained size 
only in proportion to the number of seeds (♦ontained. The normal 
fruit is one inch in diameter containing froin 100 to 150 seeds. 

The same number of emasculations wei-e made on both plants for 
a parthogenetic test, but no fruits set on the tomato and only a few 
on the Solanum balbisii. Three of the latter contained seeds, one 
having one seed, one three, and one twelve. 

In an experiment on the self-fertility of Solanum balbisU it was 
found that forty per cent of the flowers set when pollinated from the 
same plant, 100 per cent w’^hen pollinated from another plant and 
none when pollinated from the same flower. 

The tomato fruits which develop scale-like seeds appear to be a 
desirable class of fruit from the domestic point of view, and it may 
be possible by careful breeding to obtain a tomato that will pro¬ 
duce seedless* fmij as large as the seeded fruits we now have. In 
Bulletin No. 22 of the Bureau of Plant Industry, Mr. Hartley states 
—“While a comparison of the experiments in which the flowers 
were emasculated and never pollinated with the experiments in 
which the flowers were emasculated and magnesium sulphate sub¬ 
stituted for pollen would seem to suggest that the irritation of the 
arseeeptive stigmas may stimulate the setting of fruits, yet fruits set 
so rarely without flowers having received pollen that a very large 
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number of flowers would have to be tested in order to determine 
whether the mere irritation of the stigmas by the application of sub¬ 
stances other than pollen has any tendency to cause the fruit to set/’ 
He further says, “The large size of seedless bananas and pine¬ 
apples indicates that the production of seedless tomatoes is possi¬ 
ble. But since the most convenient way of propagating the tomato 
at present is by means of seeds it is not a tomato entirely seedless 
that is w^anted, but a large well shaped firm fruit with but few 
seeds. ’ ’ 

STUDY OF THE INHERITANCE OF SIZE AND PRODUCTIVE¬ 
NESS IN PEDIGREED STRAINS OF TOMATOES. 

By C. E. Myers, 

Pennsylvania State College^ State College, Pa. 

The plant breeding work with vegetables now being conducted by 
the Department of Horticulture at the Pennsylvania State College 
and Experiment Station, is the outgrowth of rather extensive strain 
tests of cabbage and tomatoes which were begun in 1908 and con¬ 
cluded in 1911. These tests showed conclusively that differences, 
apparently due to inlieritanee, are present within varieties and that 
these differences represent an economic value of greater extent than 
would be possible to secure by any change in environment, due to 
improved methods of fertilization or culture. 

From the time the subject of plant breeding has attracted atten¬ 
tion a common axiom has been “the plant is the unit of selection.” 
It has been expounded from the platform of the scientific lecturer 
and become a proverb in the classroom. I am of the opinion, how¬ 
ever, that unfortunately in many instances it is neither understood 
nor fully appreciated. 

It was for the purpose of securing additional information on this 
and allied subjects that the experiments with tomatoes were insti¬ 
tuted at the Pennsylvania State College. The initial selections were 
made in 1911 and the first crop was grown the following year. In 
making the initial selection the individual plant was carefully 
studied in each case and the various characteristics were noted. 
Among others, the selections included eight of Earliana, thirteen 
of Chalk Jewel and eight of Matchless. Twenty-two plants were 
planted of each selection in the field, but records were kept of the 
twenty inside plants only, the end plants being eliminated in all 
cases in order that each plant studied have environmental condi¬ 
tions as nearly uniform as possible. It may be conceded at this 
time that the number of plants used is too few to obtain the \wit 
satisfactory experimental results, but there is a limit to the mm- 
ber of plants which may be handled and properly studied aid it 
was thus conceded that in the early stages of the experiment, itwas 
preferable to use a larger number of initial selections and laterin- 
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crease the number of plants to be studied of the strains which 
proved most promising. 

In securing the data for this experiment, each plant was num¬ 
bered and at the various pickings the fruits were recorded with re¬ 
spect to number, grade and weight. As the season progressed it 
was observed that in some instances the general character of the 
fruit of a particular strain was not so good as that of the parent, 
while in other instances it was equally as good, and in some others 
it appeared to be somewhat improved. A test of these the subse¬ 
quent season indicates that while the plant should be considered the 
unit of selection and that in selection work we should expect to find 
in the progeny those characters which are present in the parent, yet 
it may not necessarily follow in all cases since in some the superi¬ 
ority ma.>' be due to environment and not to heredity, a fact which 
can be proved only by subsequent breeding tests. It is doubtless 
true that in many instan(u*s the unsatisfactory results and subse¬ 
quent lack of inten*st in the su!)jeet by persons who first engage in 
plant improvement, nmy be atiributed to this factor. 

It has l)een ])reviously im^ntioned that in some instanc(*s certain 
strains show siq^eriority from the beginning. In some instances one 
or more plants appeared sn])eri()r to the average of the t(*st, and of 
these se(‘d was s(H*ur(*d with whieh to make subsequent tests. It is 
the study of tln^se pan'iit plants and their progeny in which we are 
primarily interested in tlie present discussion. 

Jn this study w(‘ have us<h1 the statisti(*al mc'thod* as being the 
beat suited to tlie problem. As previously intimated the number 
of plants studied is doulqJess smalb but we are of the opinion that 
the results setmred may h* <*onsi<ler(‘d as fairly rei)reseiitative of a 
larger population. 

In order that the work could l)e compared with commercial seed, 
checks have been used and the behavior of tlie respective^ plants 
studied along with that of the seh‘etion. In each instance the strain 
used for the check was the best obtainable as proved by the strain 
tests and doubtless represented the liest commercial seed procurable 
through the regular channels. In the pn‘s<‘nt discussion, we deal 
only with the variety Earliana. The records, as regards weight of 
fruit of the various selections together with those of the check strain, 
are shown in the following table: 

*J)nvenport, Eugene— Principles of Hreding, p. 410-452. Ginn & Co., 1907, 



Earliaka—Weight of Fruit. 

Nuaiber Mode Mean Standard t'oeffieient of Modal 

Roeord No.** Year of Plants Grams Grams Deviation Variability Coefficient 

Check 1912 53 4500 3801 rh 113 1224 ±: 80 32% rb 2 26% 

Check 1913 79 2500 3816 =h 112 1475 ±: 79 39% ±: 1 34% 
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*The system of numbering* useil in the experiments is that proposed by 
Dr. H, J. Webber and desc^rilied by him in Bailey Plant Bre^ng/’ pp. 

308-310. Briefly stated, the first number is that given to the plant when the 
initial seleetion w«sS made. The numibers which follow arc selections of the re¬ 
spective plants in »uece8si\'c generations. Where a small letter appears, it 
indicates that the selection was made for a special puqwwe. 

The terms mode, mean, standard deviation, ei>eflicient of variability and 
modal coefficient are the recognized statistical constants, and may be briefly 
defined as follows: 

Mode is that class into which most of the individuals fall. It is the l)eet 
obtainable single expression for type. 

Modal voejjinent is the percentage of the i>opulation which falls into the 
modal class, and is an index to the relative conformity to type. 

Mean is the product of each value by its frequency divided by the total 
population. It is a conception of type. 

Standard devi-atioii is a measure of variability and shows the variation of 
the population from the mean and is useful in eom]>aring the variability of one 
I>ox)u]atioii with that of amdher with resi>e<*t to the character under consideration. 

Ck>rffi<^rni of vanahdxly. This is an abstract expression which combine® 
the idea of standard deviation ami of type, in which the variability appears in 
the fonn of rate ])er cent. 


For metliod of detenuiiiatioji of those (‘oostants. the reader should 
eoiif^iilt the ridVnqii'e eited in Prineiples of breeding. 

In the ahov(‘ tal)h‘ we have determined the accepted statistical 
constants of mode, mean, standard deviation, coefficient of varia¬ 
bility and modal (‘oetti(‘i(*nt. For the henetit of those not familiar 
with statistic'al work, it may be said that from the standpoint of the 
hre(‘der who desires to sinnire a uniform strain, he aims to secun* a 
high mode, mean and modal eo(‘ftieient and ri^1ativ(‘ly low standard 
deviation and <‘oefli(dent of variability. With these ])oints in mind, 
we may consider tln^ above results somewliat in detail. Before de¬ 
ducting any con<‘lusion, however, it should he borne in mind that 
seasonable conditions exert eonsiderahh* intimuiee, and the season 
of 1914 was gem*rally considered nnfavorahle to the tomato crop. 

The low eoeffiident of variability of series 4-1912 may he by some 
considered as an ('rror. It is not. The plants for the season were 
particularly uniform, tin* weight of fruit of all falling into three 
consecutive* I'lasses. 

For the <‘he<*k strains tlu* same lot of seed v^as used in years 1912 
and 191.‘h while for 1914 a different lot was used. 

A study of the table shows that iii almost every instance the mode, 
mean and modal coefficient in the check strain were the same as or 
even less than in the selection, while the variation as indicated by 
the standard deviation and (*oeffi(*ient of variability was (‘orrespond- 
greater. 

A study of the various strains tested, as well as the subseqmmt 
selections, shows that while in general the selections are superior 
to the commercial strains, yet in not all eases do they show consist¬ 
ent gains, although in some they do. A study of 1- and its subse¬ 
quent selections is of interest. It will be seen that for the 
past season the mode and modal coefficient were greater in the third 
selection, and tin* standard deviation and coefficient of variability 
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were smaller than for the parent; likewise differences of interest 
may be noted with respect to other strains. 

A study of 3- and its progeny for the past season shows that the 
mode has remained practically stationary while the modal co¬ 
efficient has been increased in the third generation from 35 to 68 per 
cent; likewise there has also been a considerable decrease in the 
standard deviation and coefficient of variability. 

A study of Series 4-15 and the selection from it, 4-15-17, for the 
year 1914, shows similar results, while a study of Series 40a- and its 
progeny shows rather indefinite results. Strain i^:3 is of interest 
since it is probably the best bred strain of Earliana which is sold 
commercially. It sells for $5.00 per ounce and in comparison with 
other strains on the market it is well worth the money; however, a 
comparison of this series with 4-15-17 shows that the limit of per¬ 
fection has not yet been reached. The next table shows the con¬ 
stants for the average weight of fruit. 
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Average op Test op Earliana. 



Average 

Yield 

Yield 

Corrected 

Per cent 

Record 

Weight per 

per acre to 

per acre to 

Yield 

Market¬ 

No. 

Fruit—Pound. 

Sept. 2. 

Sept. 12. 

per Acre. 

able. 



Tons 

Tons 

Tons 


Cheek^ 

.28 

9.73^ 

11.04 

11.43 

83 

Check 

.18 

9.03 

13.03 

15.75 

88 

I-’ 

.25 

12.09" 

13.49 

14.55 

88 

1-12=' 

.21 

11.17 

13.71 

14.37 

93 

1-12-12 

.16 

9.02 

13.32 

15.23 

90 


.22 

12.94" 

15.03 

16.75 

87 

3-18" 

.20 

11.75 

15.48 

16.21 

91 

3-18-26’ 

.17 

7.83 

12.83 

16.87 

95 

#3 

.20 

7.37 

11.66 

15.25 

95 

4-" 

.27 

12.65’ 

11.99 

12.93 

86 

i-W- 

.21 

9.63 

11.72 

14.40 

92 

4-15-17’ 

.20 

8.78 

12.24 

14.60 

96 

40a-=’ 

.24 

8.91" 

9.92 

11.89 

85 

40a-ir)= 

.22 

9.22 

12.11 

14.21 

89 

40a-15-4’ .19 

7.68 

11.88 

13.65 

97 


In the above table the yield is given at different dates as a means 
of determining the earliness. The corrected yield per acre is the 
total yield for the season, after having been corrected for possible 
differences of soil fertility as was shown by the yield of the check 
strains. It is the opinion of the w^riter that it most nearly repre¬ 
sents the yielding property of a strain. For method of determina¬ 
tion see Report ot* The Pennsylvania State (Allege, 1911-12. 

The small figures above and to the right of the nurnbei*8 indicate 
the number of years the test was made, the numbers representing 
the average for the period. Where no indices appear, the value is 
that given in the first column for the resi)ective strains. 

A study of th(^ above table shows that the average yield of the 
check for two years to 8eptem})er 2 has been nine tons per acre, 
while that of 1- gives an average yield for the two years to the 
same date of more than 12 tons per acre, and there has also been 
a corresponding increase in the total }>roductiveness. With regard 
to the same strain, it will be seto that the yield of strain 1-12-12 as 
regards earliness is not as good as the average of 1-, but this is 
possibly due to seasonal conditions. It will be noted that the same 
is true in most of the other strains as r<‘gards earliness while the 
yields for the latter part of the season have, in some cases, been in¬ 
creased as well as has been the percentage of marketable fruit. A 
comparison of strain :^3, to which attention has previously been 
called, with several of the selections shows that it is not superior. 

The present paper may be considered as a report of progress 
rather than one of definite conclusions. Sufficient time has not 
elapsed to secure satisfactory results on the much discussed ques¬ 
tion of the effe(d, of selection within pure lines, if tomatoes may be 
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considered as coming in this classification; however, the data pre¬ 
sented seemed to indicate the feasibility of improving this crop by 
careful selection. 

The above table is of interest in that it shows the influence of 
selection within tlie same line with respect to size of fruit. As in 
the previous table the record for the ehe('k strains is also given. It 
will he seen that the mode of the selections ciompares favorably with 
that of the check strains, while ttie modal coefficient is generally 
larger, and the variability in each case is practically the same. A 
closer analysis of the constants shows that in most instances there 
has not been a decrease in the size of fruit biHiausc^ of selection as 
is sometimes supposed, wluh^ in the majority of instances there has 
been an increase wliicli is sometiitics ac.<*,ompanied by a correspond¬ 
ingly high modal (‘Oeflicient, thus showing a definite improvement 
with respect to this character. 

In the last table, the selections arc studied from the standpoint 
of the commcr(‘ia] gardener who is primarily interested in securing 
a variety which matures early and is [)r()dn(*tive. 

DECEMBER 29,1:30 R M. 

The meeting was called to order )»y President Corbett. 

COURSES IN SYSTEMATIC VEGETABLE GARDENING. 

Hy Paul Work, Corndl Vniiu rdii}, lihava, N. Y, 

Two yeai‘s ago llie att<‘n1ion of this Society was ('a1li‘d to a paper 
on the teaching of V(‘gt‘tablc gard(*ning. It was shown that the 
vegetable gardening iminstry had grown until the valu(‘ of its prod¬ 
ucts exceeds that of all other horticultural prodiK'ls comhined. It 
has been the aitri to build up at Porn<*ll a scries of <‘ourst'S to meet 
as fully as possible tin; j'equiremeuts of this great industry. At that 
time a scheme was proposed which, it was thought, would fulfill the 
needs of the amaLmr, or tin* no!i-si)ecializing student who may be 
interested in eomrnendal ])ro<lnction, ami of the man who wishes to 
become a spe<ualist in vegetable gar(iening. The plan doubtless ap¬ 
peared rath(;r visionary to most of the mtnnhers of the Society at 
that time, and it was proposed with some slight misgivings as to the 
probability of its immediate adoption. However, the scheme was 
placed in efleet the following year. The a<lo])ti()n of a third or 
suTumer term whieli is fully commeusnrat(' with the fall or sx)ring 
terms has made possi})1e a further improvement which was not an¬ 
ticipated two years ago. The speeiali/.ing student now^ spends his 
first year in the usual fundamental <iourse*s and his first vacation on 
ia farm. TTis elementary work is eontinue<l in the first term of hisi 
isecond year, after which he goes to a commercial vegetable farm tol 
apend the next two terms, a full growing s(‘asou from February td 
September. This is (considered important not only lor city students! 
but also for those wdio have been brought up on vegetable farms, 
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for few places offer experience as varied as is desirable. One who 
is well grounded in the practice of tiie business is indeed in a posi¬ 
tion to gain even more from a study of metiiods which are new to 
him. He has a ))a('kground against whicdi he may make comparisons. 

Tlie specializing student begins his vegetable studies in his fifth 
semester, in February of his third year, witli a (course which deals 
with general outdoor production and which (continues from that 
time until Scjptember. H(* assumes full responsibility for his own 
plantings from s(‘ed time to harvest. Parallel with the second half 
of this course he takes a course in systematic, vegetable crops, the 
subject of this paper. Tie spends the m\xt t(*rm away from the col¬ 
lege. Jrj the following s])ring term he takes vegetable forcing and 
Course 7, wdiich is an introdtiction to the investigational side of the 
subject. The research that has becui ac(*om])lished is reviewed, and 
each member of tJie class streets a problem to be studied by review 
of the literature available anrl by means of a simple fi(jld test which 
may be continued through tin* sumimtr term. Tlius his graduation 
is delayed from June till Sept<*mber. In advising students as to 
the selection of courses, sf)e(*ial em])hasis is la it! upon the necessity 
for well roundf^l training in agriculture, both in fundamental sub¬ 
jects such as soils, botany, and ])lant physioh)gy, in such subjects as 
plant pathology, (Uitomology, and plant l)re(*(iing, and also in the 
other phases of liorticulture and agriculture, as pomology, tloricuU 
ture, farm cro])s, and animal induvstrv. The following sclu*me of 
courses is in use at Cornell: 

SoEiKME OF Bourses for Students Si»K<nALiziNG in 
Vegetable Oardknin<4 at (Cornell. 



Fall Term 

Spring Term 

Summer Term 

First \f(ar 

In college 

In collegia 

Field experience 

Second If air 

Ill college 

Field expcTience 

> 

i 

In college 

In college 

Elementai’y Commercial Veg¬ 
etable Gardening 
Systematic Vegetable Gardening 

Fourth year 

Experience 

In college 

Vegetable Jf'orcing 
Undergraduate Research 
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Most vegetable gardening teaching hitherto has fallen short in 
that the student has learned a great deal about vegetables, but has 
not acquired a sutticiently intimate acquaintance with the plants 
themselves. Those of our graduates who expect to farm do not 
know the plants and the varieties well enough to choose or even to 
test out intelligently for their own operations. They hardly know 
what to look for. Too many of us who are engaged in scientific 
work are not able to converse on even terms with the observing 
gardener whose knowledge of the sorts which he handles is pretty 
thorough, but whose acquaintance is usually rather narrow, and I 
believe we shall all have to confess to a grave deficiency when we 
compare notes with the better informed men of the seed trade. 

A number of factors are at work in bi*inging about a better ac* 
quaintance on the part of tlie students. We find in our colleges a 
larger nunib<^r of boys of good field experience. Those who lack 
in this respect realize the need and are using their vacations to make 
it good, (leiieral laboratory work is today planned in such a way 
as to bring a student into more intimate contact with the plants than 
ever before. Teachers are themselves studying varieties and strains 
more carefully. 

The probl(‘ms involved in the study of tyi)es and varieti(^s of vege¬ 
tables are more difficult than appears at first. We naturally com¬ 
pare with the same typ(^ of work for fruits, but we soon realize that 
annual ami bii'jinial plants change in characters a great deal more 
quickly than perennials. Tin* Earliana tomato today is quite differ¬ 
ent from tile Earliana of fivt* or ten years ago. and the Grajit is no 
longer catalogued. Om* sto(*k of Golden Selfldanehing celery differs 
mat(*rially from another, and the ])racti(*e of seedsmen leads toward, 
rather than away from, ('onfnsion. No recognized authority exists, 
and no recent work such as Yilmorin or Burr is availalfic. These 
difficulties, no matter how serious they may he. should not d('ter us 
from giving careful attention to the subject. No progress can be 
made without this attention. To accomplish such progress the com¬ 
bined influenc(‘ of well directed thoroughgoing rcvsean*!], of organ¬ 
ized effort toward standardization and of well planned courses for 
the systematic' study of vegetable crops, are neees.sary. Time will 
not permit us to touch upo?i the revival of taxotannic research from 
the oblivion into wliich it fell after the widespread effort whicdi M^as 
devoted to it in the early days of the experiment stations, nor upon 
the possibilities of sucli work as is being undertaken by the Vege¬ 
table Growers’ Association of America looking toward the establish¬ 
ment of some form of clearing house that may be recognized as au¬ 
thority in matters of this sort. 

We have spoken of the usefulness of au intimate knowledge of 
standards of excellence for types and varieties and strains. No Ifess 
to be considered is the essential educational value of studies in sys- 
tematie science. The fatalities of ol^servatiou, discrimination, 
evaluation, classification, and comparison may be developed and 
trained as satisfactorily in this type of courses as in the taxonomic 
work of our botany departments and much more thoroughly than in 



36 


THE kSOCIETY FOK HOKTICULTURAL SCIENCE, 


our ordinary general eroj) courses. Our teaching ideal has changed 
so that we no ionger strive to lill a student witli in formation ^ but 
we strive rather to use information as malmdal by which a student 
may learn to solve problems and meet situations as they arise. It 
(*an hardly be doubted that systematic <‘Ourses offer sj)leiidid pos¬ 
sibilities in this direction. 

As olfered at Cornell, the course in systematic vegetable crops 
calls for one ItMUure and two laboratory pei-iods throughout the sum¬ 
mer te?*m. One of tlu' general vegetable ('oiirses must precede it, 
and for thes(^ work in soils and botany is, in turn, pn^recpiisite. The 
lectures take u]) first tlie scope of the subject and its relation to gar¬ 
den era ft and garden science. The vvTuk of the systmuatic student 
is detiiK^d as the gathering. j)reserving, and dissemination of knowl¬ 
edge* of the chara('teristies of vegetable ]>lants as distinguished from 
knowledge <d‘ their re(|uir(‘ments, culture, ami the like. 

N<‘xt are discussed the principles iinderlviiig the various phases 
of smdi studn^s, nami'ly, di‘seription, im-hiding chai“a<*terization and 
evaluation, noim*m‘la1ure, elassiti(*ation. i<ltmtitieation, and Judging. 

Th<' mat(*rial of tlic laboratory work is llie ])lants tinMuselves and 
is l)as(*d upon a ganh^n wlii(di in(*lu(h‘S tin* leading varietic^s and 
sorjK* of the sti*ains of all the vegetables. This j>lot is laid out in 
l)lo(‘ks with th(‘ \arious ])lan1ings of a given V(‘g(‘table pla(‘ed side by 
side. It is under irrigatioji and is ])rovided witlj airiple f)atbs for 
(*onv(‘jiien<'(‘ in observation, laibels for this eoming y(^ar an* to be 
done in India ink on (*ards (li[)ped in ])araftin and 1a(tk(‘d on stakes. 

Two probl(*ms piH'sent tlu*mselv<*s iii eonnection with thes(' gar- 
(hms: first, bow to determine wliieli typ<‘ of a given vari(‘tv is cor¬ 
rect, and. scm'otkL how’ may a scheme of ]>lanting dat(*s be arranged 
to insni*<^ a pro])(*r suc<*ession of <*r(»ps foi* study in laboratory 
periods tlirougliout tlie term. 

The laboratory (‘xmidses include four ty])es of work: 

First.—l)es<*rij)tioii. For this ])ur])os(' sbe(*ts to Ik* filled (diiefly 
by underscoring an* provided. One or two varieties are run 
through, iiistruetfU' and class working togidlier and giving special 
attention to tin* meanings of terms used. Then each student fills 
out slu'ets for several additional soHs. Draw ings ni’e p]ac(*d on the 
back of the sh(*(‘t. 

Second—Fharacterization and Evaluatio?j. lender n^marks the 
student prepares from his observation and the rawr data of the de- 
scri])tion sheet a n*adabl(* ])aragraph sitting forth the main charac¬ 
teristics of the sort and indicating its strong and \veak points. 

Third.— Td(*ntifi('ation. At the elose of tin* period and on later 
lalmratory days, s])eeimens are arranged side by side for compara¬ 
tive stmlv and identifieation. 

Fourth.—Judging. Practice in Judging is provided in connec¬ 
tion with the laboratory wmrk, and^a re(|uired trip to the New York 
Slate Fair at Syracuse offeers additional o])portunity in this direc¬ 
tion. 

Special emphasis is laid upon tlie preparation of a term paper on 
one of the vegetable crops. Catalogues, periodicals, and books are 
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searched for information, and a bibliography is prepared, A test of 
eight or ten varieties of the selected vegetable is planted, established 
and cared for. The student devises liis own description sheet and 
iiuikes the necessary re(*ord. His iinal report follows the general 
outline whitdi is used in the lectures. Tims tlie student gains an in- 
troduelion to the methods of systematic research. The following is 
a sample of the descriptive hhuiks used: 

Jjettitc’k and Endive. 

Described by.... 

Date. 

VARIETY.SOURCE. 

TYRE: Loose leaf, head, cos; Endive; Escarolle; butter, crisp. 

DATES: Planting.; (Sittings: 1st.Main.Last. 

0ROWING CONDITIONS: soil.; Season. 

PLANT: Vigor. Habit: Erect, spreading, com])act, open. 

Size: Spread.in.; height.in.; weight.oz. 

Proportion of outer to head lcav«*s. 

Stem: short, long. ;\lu(*li, little discasi‘d; liow. 

Resistance to lusat.; to frost .: to drouth. 

P(M*om(‘S usable (juickly, slowly. Shoots to seed quickly, slowly. 
LEAF: Width .... in. 'rhi('k, tliin. Form—make draw'ing on back. 

(^olor:.tinged wdtli.; dull, glossy. 

Surface': Flat, curved; smooth, savoyed, crunqded, waved. 
IMargin: entire, serrate, erenate. S(‘allope(l. 

V(uns: Midrib promimnit. not.; Veining fim‘, coarse. 
MARKETAHI.E HEAD OK PUNl'lI: Size . .. in. wide .... in. 
deei). 

Form—inak(' draAving on back. 


(knnpaetness.Pleaching: self, not; color 

(Quality.Texture: tender, tough. 


Flavor: bitter, sweet. 

STOCK: true, not. \’ari(‘ty disliind, not. , . Vv S])routed. 

ADAPTATION: snit(‘d, not for forcing, garden, market, storing. 
REMARKS: 

REQXHRED TRIPS FOR HORTICULTURAL STUDENTS. 

By F. N. Fagan, PniKsyJrauia College, Stale College, Pa. 

1 do not wish to pose* as tin* originator of tlio requinal inspection 
trip of the Junior horticultural students of the Pennsylvania State 
Colh'ge. The idea is the result of a gn^at deal of thought on the part 
of our former Dean, Tliornas Hunt, atni Professor R. L. Watts. 

Prior to tli(» suirinier of 1913, the junior hortieultural students at 
our college wen* required to spend at l(‘ast six weeks working on 
commercial hoiticultural fanns. Then during their senior year they 
wrote a report of the farm and its operations, including, as far as 
possible, all detail work of the farm and a financial statement as to 
cost of production, sale price, marketing cost and profits. 
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It was found in many cases that the students often were not en¬ 
gaged in the true horticultural work on these farms and were really 
not getting a great deal of information along the desired line. Dur¬ 
ing their entire stay on these farms, they often hoed, made hay, 
cultivated, worked roads, etc. In other words, they were given one 
job practically the entire summer. I readily see the farmer’s side 
of this student labor question, for it is not good management on his 
part to be switching men from one job to anotiier simply because 
a man wants the experience. 

For the above reasons the summer work was changed to an in¬ 
spection trip to b(^ conducted muhu’ the direction of one of the de¬ 
partment staff. The original i)lan outlined by Messrs. Hunt and 
Watts was to make arrangemcuits with diff('rent fruit growers, veg¬ 
etable forcers, truck gardeners and florists, located in some fairly 
accessible location, to take our students to th(dr pro])erty and to 
have them work the same as laborers for a iVw days, doing whatever 
work thes(i growers had on hand, such as tliinning apples or peaches, 
cultivating, hoeing, spraying, w'ashing vegetables, and preparing 
flowers and x)rodiiee for marked. 

Having a wide experience with eornmereial men and being pos¬ 
sibly more^ practical than schuilific myself, 1 at once doubted the 
success of such a plan and on taking it uj) with the growers, I found 
that they confirmed my belied. I tlius changed the x)Ian to that of 
pure inspection and on that basis have* conducted two irispection 
trips. That of the summer 1013 with 17 students and of 1914 with 
24 students. 

Western New York and Ntmthern and Northwestern Pennsyl¬ 
vania, we*rej se‘l(*eted for tliest* ins[>eHdion trips be*canse these are sec¬ 
tions where all the^ different horticultural lines of our temperate 
climate could be seen with a minimum amount of travel. The itin¬ 
erary of 1914 is as follows; 

Erie, P(*riiisylvania, to inspect veg<‘tahl(‘ forcing and cut flower 
production. 

Northeast Pennsylvania, to sec^ tin* (‘xti*nsive grape and small fniit 
industry, together with peaches, pt'ars, plums and some apples, and 
also tlie manufacturing of grape juice. 

Fr(?donia, New York, to visit the small fruit nurseries and the 
New York Vineyard Laboratory, wliere some very valuable infor¬ 
mation was received. 

Angola, New York, where the ext(*nsiv(? commercial berry indus¬ 
try was at its height, Berric^s are grown here for the canneries and 
for dessert use. 

Medina, Lockport, Alcott, Hilton, Williamson, and Geneseo, New 
York, wher(i are large plantings of cherries, plums, peaches, apples, 
and standard and dwarf pears. 

Rochester and Dannsville, New York, to see the nurseries, park 
plantings, liome landscape gardening, and three types of cold stor¬ 
age plants. 

Irondequoit and Williamson, New York, where the vegetable forc¬ 
ing and trucking are different from that at Erie, Pennsylvania. A 
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side trip to the Experiment Station at Geneva proved highly in* 
structive. 

Enroute over the entire trij) we inspected barrel and basket fac¬ 
tories, canning plants and public markets. 

Our plan has worked out successfully because in nearly all cases 
the owners have made it a point to be on hand to welcome us and 
have taken time to show and explain in detail their operations, giv¬ 
ing freely their failings and successes, costs and labor problems. 
Without their willing support our inspection trips would have been 
total failures. The trips have cover'd a total of about 700 miles, 
not including the traved by trolley and livery rigs. 

The kinds and number of i)lac<'s visited are as follows: Fruit 
farms 18, vegetable forcing and trucking 12, flow(*r growing 9. seed 
farms 1, nurseries 14, i)arks 5, canning and evaporating hous(?s 3, 
spray machinery 1, greenhouse firms 1, basket and barrel factories 
3, cold storages 3. 

The above was accomplished in about twenty-dglit or thirty work¬ 
ing days at an average expense of eighty to one hundred and thirty 
dollars per man. 

The total nunilx^r of business men visilt‘d and consulted was sev¬ 
enty, Each grower was found to have different problems to solve, 
such as soil conditions, cultural methods, harv(*sting and marketing, 
insect and fungous troubl(‘s, etc. Jn most of the cases they have 
been solved iu somewhat different ways. These points have been 
brought out by questions aske^d by the students and generally the 
answers have been placed in their notes. At the end of such a trip 
the student has not only storcnl much information in his mind, but 
has plae(*d a much larger amount in his notes. 

The enthusiasm shown by different growers in pointing out their 
operations, awakens an inter(‘st in the stmbuit which cannot be pro¬ 
duced in the class room or laboratory. The contact with so many 
different growers broadcuis the stiukuit w()iid(‘rfully. 

The most coriveni»*nt tiint^s for triaking tliese trips are late June 
and early July or late August and early September. The first part 
of the summer seems to be best br'canse county fairs and summer 
meetings are not so likely to entice the growers from home, as is the 
case later in the season. 

To receive the six cn^dits allowed for this summer work, the stu¬ 
dent must submit during the first half of his senior year a typewrit¬ 
ten report of the triji. The average report contains about 12,500 
words. 

The grade given is based upon promptness at the hour set for the 
beginning of each day’s work, attitude and conduct on the trip, in¬ 
terest shown, and the completeness of the report. 

One important feature of such a trip from the teacher’s view¬ 
point is the fact that he can become intimately acquainted with the 
students. 

Such an extended trip is not necessary in every agricultural col¬ 
lege curriculum, for some colleges are so fortunately located as to 
have all the industries at their very doors? but situated as we are 
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at State College, Pennsylvania, away from all horticultural plant¬ 
ings and business enterprises, we believe such an inspection is nearly 
as valuable as one-half year of colleger work, (‘specially is this true in 
the practical courses, 

REPORT OF TEE COMMITTEE ON FLORICULTURAL COURSES. 

By A. C. Be.\l, Cornell Univrrsiii/, Ithaca^ X. Y. 

Floriculture is often considered a ii(*\v su})j(‘ct, in tin* horticultural 
curriculum. In so far as t]](‘ work catches the s])irit of modern com¬ 
mercial floriculture, it is a new subject. At tli(‘ same timt‘ we need 
to recognize that for many yt^ars work has been given in many, if 
not all, of our agricultural colleg(‘s which luul a direct applic'.aticm 
to greenhouse work. Thi‘ instruction in f)lant propagation and 
handicraft contain(‘d much of value to future tlorists. 

Tile history of floricultural tea<*hing would make an int(‘resting 
chapter in our hortieultural history if it could Ix^ written. Wlmn 
one attempts to do this he is <‘onfronlt‘(l with difflculti(‘S due to the 
great variation in th(‘ standards of th(‘ difiVi-ent coll(‘g(‘S. In some; 
of the early catalogues it is stated that work iu horticultur(* consists 
of an enumeratiojj of topics often ranging through the whole gamut 
of h()rtieultim‘. Although fl(»ricuiture was snmetini(‘S rru‘ntiou(‘d, it 
is difficult to (‘vi‘n approximate tiie attention givtni it among the 
many oth(‘r topies. 

Tlie first florieultural courst^s, as wi* ujuhu'staiid a (course or sub¬ 
ject, was oifen'd in tiu* School of liorticnltun‘ of tire Illinois Indus¬ 
trial University in 1875-1876. Th(‘se courses are so definitedv stated 
that they could almost he transfc‘rr<*(i to a mod(‘rn college catalogue. 
The courses, wliicii an' intc'restiug histoneally, w(*re as follows: 

Floricniiyrr, Fourttxoi wt‘(*ks ai'i* occiipifd in the study of the 
kinds, propagation, growth and care of floAV(*riiig and other orna- 
mental ])lants. Ea('ii stiKhuit lias jiraidice in p!*opagating by cut¬ 
tings and oth(Twus(‘, in i>otting and shifting, and care of ]>lants re¬ 
quiring various tr<‘atm(‘nts. lns(W.ts and diseases w^itli nmiedies are 
thoroughly treated, and the nmans of s('curing vigor of growth or 
abnndamic of flowers, an* studied and illustrated by practice.^' 

Among tlic reference books the following are inqiortant: Hen¬ 
derson’s Practical Floricnltiin*, Ijoudons Encyclopedia of Plants, 
Parkman’s Book of Roses. 

Plant IIonsK s and Managrnu nl. Tin* wwk this term is upon 
garden and landscapes architecture, the* methods of construction, 
heating and vi'iitilation, and general management so as to secure 
under t he different cirenmstanees the best plant growdh. The* class¬ 
room work consists of lectures and architectural designing and 
drawing. Illustration and prac^tice are afforded by the plant houses 
of the University, and by such olhi^rs as can be reached by class ex¬ 
cursions.” 

Landscape Gardening. Eleven weeks are dcvot(»d to this study. 
Lectures are given upon the gcmcral principles of the art, the his- 
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tory and styles, the kinds and use of trees, shrubs, gTas>s and flowers, 
the introduction and management of water, the construction and 
laying out of drives and walks, fcuices, buildings, etc. The class draw 
first from copy, then after the actual study of some locality with its 
environments design and draw full plans for its improvement, in¬ 
dicating i)osition of all prominent objects, including kinds and 
groups of tre(‘s and other j)lants. These plans with specifications 
are to be deposited in tlu^ library of the school. Excursions are 
made as found practicable for tlu' study of public and private 
grounds.'' 

lmx)ortant ndercuiee books ar(‘ Downitig's Landscape Gardening, 
Weidemamfs Beautifying Country Homes, Robinson’s Parks, Pro- 
m<*nad(‘S and Gard(Mis of Paris. 

Since the abov(‘ c(»urses were an integral part of a four-year pro- 
gj*am they were undoubtedly given, and tlie writ<‘r ]Kdi(*ves them to 
hav(* bf‘en tlie first didiuite eoursfss in oruauKoital hoiticulture given 
in America. Later it appears that th<^ four-year eours'e was given 
Uf) and with tlie fre(‘ election of courses, Hie fiorieuHural course, as 
such, was droj)])ed. Tin* course in gre^mhouse constnietion was ro- 
tain(‘d. In 1900 a course in commereial fiorieulture was otfered 
wliicli was the first c(airse intended to t(*aeh those }>rinei])1es under¬ 
lying comiiKTcial eut-tloW(‘r jirodnetion. In 1902 a course* in ama¬ 
teur flo?*ieuItni*(* was otfered. Th(*se attempts at Tlliuois led to the 
r(‘eognitioii of the* Ih'partmeiit of TJoriic-ultui'e by the* commercial 
florists of th(^ state* who W(*rt‘ instrumental in s«*euring from the 
state the magnifieent eqi!i]mi(‘nt the rniv<*rsity of Illinois now has 
for exp(*rimental wm’k umler glass. 

During all of Hu* period [irior to 1900 the instruetion in tlorieuL 
tur<> or r<‘lat(‘d sul)j<*ets was giv(*n by the prof(‘Ssors of horticulture 
or tlh’ir assistants. When instruction in fiorieulture* was first given 
by ])raclical florists, it is impossible to discover. Tn many eases 
names of gard(*nei*s and florists app<*ar on the college faculties or 
upon the staff of the e\p(*rimeut stations. In sonn* eas(*s these pei’- 
sons may have given instruction; at least W(* may be C(‘rtain that 
they did assist in all handi(*raft courses. The graduates of Michigan 
and Coni(*ll have* tilled most of the* horticultural ]>ositious, and the 
success of these nit‘u in t(*aeliing gre(*n]iouse and gardem handicraft 
is due in a (‘otisiderabh* degrt*e to the training tli(*y received from 
Me?ssrs. Gunsoii aiul Ilunn. 

Meanwhih*. tin* business of floriculture* was developing rapidly. 
Ill fact, no branch of liortieulturc has made more rapid progress 
since 1885. About 1900 the* colleges began to recognize that floricul¬ 
ture was a highly specialized industry requiring traine'd men to pre¬ 
sent the subject adequat<‘ly to stude‘nts. 

The first instructorshi]) in floidculture was established at the 
Michigan Agrimiltural (>ollege^ in 1901, followed by Illinois and 
Massachusetts in 1903. Massachusetts created the first assistant 
professorship in 1907, and this later became the first professorship 
in 1908. Other assistant professorships established were at Illinois 
in 1911, Cornell in 1911, and Maryland in 1912. 



42 


THE SOCIETY FOR HORTICULTURAL SCIENCE. 


While Illinois was the first to adopt the principle of specialization 
and to give a commercial course which won early and substantial 
recognition from the florists, and while Massachusetts was the first 
to dignify the subject by giving it professorial rank, it remained for 
Cornell to take the most far-reaching step. This was the creation 
of a separate and distinct department of floriculture co-ordinate 
with any departments of the college and responsible only to the 
dean and director. The department now has two professors, one 
assistant professor, three instructors and oik* assistant giving in¬ 
struction and carrying on investigations in floriculture. Instruction 
is given to regular students twelve months in the year with short 
courses during the winter and again in summer. Thus Cornell, 
which did not have any floricullural course until 1909-10, although 
greenhouse construction had been taught since 1895, became first in 
its recognition of floriculture. 

Last year your committee outlined several floricultural courses 
which it again recommends. 

For some years it is probable that those students desiring thorough 
or extended special instruction in floriculture will attend thos(i in¬ 
stitutions which have definitely organized dcipartments or sub-de¬ 
partments of floriculture under trained specialists. This committee 
therefore urges that attention be given to cours(*s in the growing of 
flowers in and about the home, plant propagation, and greenhouse 
construction. With th(‘se as a foundation, other courses may be 
added as the work and the interest develop. 

Equipment, For thorough instruction in floriculture an up-to- 
date greenhouse or range of greenhouses is necessary. The houses 
should be such as a live commercial florist would build. It is a fact 
that some institutions which have a small appropriation for green¬ 
houses have made the mistake of spending tlie larger part, or at 
least an undue proportion of it, for a conservatory. The latter is 
expensive to build and also expensive in money or time, or both, to 
properly maintain. We believe tliat a department with a small 
maintenance fund is fortunate if it does not have a large conserva¬ 
tory. A good range of growing houses, even though small, are infi¬ 
nitely more useful for instruction and investigation. Such a range 
well kept and showing evidence of practical instruction will do 
much to gain the interest and sympathy of the florists. The purpose 
should be to give training in the fundamental principles of plant 
growing under glass to students who have had training in botany, 
plant physiology and soils. Later there will doubtless be a demand 
on the part of the students for advanced work in floriculture, and 
then a conservatory will prove useful in affording material for 
study. 

The laboratory instruction should be practical and with living 
plants as far as possible. For this reason summer courses should be 
given to acquaint the students with outdoor flowers. Species and 
form not possible to have growing each year may be shown by her¬ 
barium specimens and illustrations. Good lantern slides of speci¬ 
men plants and flowers, also showing different floricultural oper- 
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ations and forms of greenhouse construction, are a necessity. Many 
commercial firms will send catalogues, models, photographs and blue 
prints to those who will make use of them in instruction. 

Last, but not least, a select library of good floricultural books is 
required. The books really worth while as reference books for un¬ 
dergraduates are not very numerous nor would their total cost be a 
serious burden. In addition the students should have access to one 
or more of the trade papers and also to the garden i^apers like Gar¬ 
den Magazine, Country Life in America and the Countryside Maga¬ 
zine. 

A teacher of floriculture should get into touch with the practical 
men to gain their sympathy and support. The college man should 
vittend the meetings of florists and visit tlieir greenhouses. Some of 
the florists will take an interest in ev('rything the college is trying 
to do for floriculture and will be willing to help. The colleges can 
Wi^ll afford to consult the practical men before building a range of 
glass, but the experienced instructor can bi'tter advise as to the in¬ 
structional needs. The florists in every state will look to the colleges 
more and more for help to solve their problems, and the institutions 
that can appreciate their needs and which an* trying to serve their 
interests in the best possible way with the ('xisting facilities, will 
find loyal supportc^rs in building up college* and station work in 
floriculture. 

REPORT OF COMMITTEE ON SCORE CAROS. 

W. II. Alderman, 

Chairman, Experiment Station, Morgantown, W, Va. 


Upon the matter of scon* cards your committee has a very brief 
report to make. Last year the scon* cards ])resented to the society 
by your committee were accepted for orie year’s time with the un¬ 
derstanding that they be Anally accepted or n*ject(*d at thivS meeting. 
In order to ascertain with what favor tin* cards had met, tlie chair¬ 
man a few weeks ago sent a circular lett<*r to all the horticulturists 
of the country, that is, to the heads of the horticultural depart¬ 
ments, asking for suggestions or criticisms. Out of the several re¬ 
plies only fourteen expressed opinion one way or another. Of these 
ten expressed approval of the cards as they now stand, or practically 
so, and four contained minor suggestions such as changing the words^ 
''freedom from blemish'’ to "condition", or of altering slightly the 
values given to some factors. Inasmuch as these suggested altera¬ 
tions in no wise agreed with each other, and in some cases actually 
conflicted, your committee was at a loss how to act. Since no sweep¬ 
ing changes were suggested, and since we will probably never be 
able to entirely agree upon some of the minor matters, your com¬ 
mittee recommends that the score cards be permanently adopted as 
they stand. 
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Some of you will remember that another matter was entrusted to 
this committee, namely, to determine the ideal sizes for exhibition 
purposes of the several varieties of apples grown in the United 
States and Canada. After spending most of the year in a fruitless 
discussion as to the best method of attacking the problem, it was 
decided best to divide the work and let Professor Macoun collect the 
data for Canada, and Prof('.ssor Sears and myself for the United 
States. Circular letters were sent to the Horticulturist of each ex¬ 
periment station and to the Professor of Horticulture of each col¬ 
lege of agriculture in the country. In addition to this, about eighty 
letters were sent out to growers and commission men. Twenty-six 
replies were received from the professional horticulturists, sixteen 
from the growers, and s<“venteeii from the dealers. The horticultur¬ 
ists were asked to report upon the varieties succeeding best in their 
state. Out of the twenty-six, ten were unable to furnish any infor¬ 
mation. Prom the otlier sixteen, and from the premium list of the 
New England Fruit Show, the data in table I covering 121 varie¬ 
ties, was secured. The .summary which represents the findings of 
the committee is not an average of all reports, but represents rather 
the mode or type as expressed in the reports. In a few eases where 
a variety was reported from a region in which it obviously did not 
develop to its best, the report was partially or wholly ignored. 
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Variety 

Tolman . 

Tompkins King . 

Twenty Ounce . 

Virginia Beauty. 

Wagener . 

Walbridge . 

Wealthy . 

Westfield . 

White Pearmaln. 

White Pippin .. . .. 

Williams . 

Willow. 

Winesap . 

Winter Banana . 

Winter Paradise . 

Wolf River . 

Yellow Bellflower . 

Yellow Newtown . 

Yellow Transparent . 

York Imperial . 

York Stripe . 
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The data collected from growers and dealers varied widely and 
is probably not of gi*eat value, as it is felt that in some cases they 
did not understand the matter clearly and merely indicated what 
would constitute a standard commercial pack. It is interesting to 
note that in nearly every case the professional horticulturists gave 
larger sizes than the growers or dealers. Tal)le No. 2 gives a sum** 
mary of the data secured from all three sources for fifteen standard 
varieties. 


TABLE 2. 

Estimate op Sizes op Fifteen Varieties by Growers, Dealers 
AND Professional Horticulturists. 


Vaiiety Dcafcrs Growers Hodicullurists 


Baldwin . 

. 2 % 

— 3 

2 % 

- 31/4 

3 — 3% 

Rhode Island Greening. ., . 

. 2 % 

— 311 

3 

— SVa 

3 - 3 % 

Tompkins King. 

. 3 

— 

3 

— 3% 

31/4 — 3 % 

McIntosh. 

. 2% 

— 3% 

2 % 

— 3% 

2 % — 3 % 

Grimes . 

. 2% 

— 31/4 

2 % 

_ 3 

2 % — 3 

York Tiniierial. 

. 2^4 

- 31/4 

2% 

— SVs 

3 % — 3 % 

Esopus . 

. 2% 

— 3 Vi 

3 

— 3% 

3 — 3% 

JStavman Winesaj). 

. 2% 

— 31/4 

3 

— SVa 

3 — 3 % 

Wiuesap . 

. 2>/a 

— 31/4 

2% 

- 3% 

2 % — 3 

Rome Beauty . 

. 3% 

— 3% 

3 

— 3Vj 

3 % — SVa 

Arkansas . 

. 2% 

— 3 V: 

2% 

— 3 V 2 

3 ~ 3Va 

Jonathan . 

. 2% 

— 31/4 

21/4 

— 3 

2% — 3 

Gano ... 

. 2% 

— 3% 

3 

- 31/4 

3 — 31 /* 

Wealthy. 

2% 

- 3% 

2% 

— 31/4 

2% — sy* 

Ben Davis. 

.. 2Y4 

— .314 

3 

— 31/4 

3 — SVi 


Prof. Maeoun in his reiiort covering the Dominion of Canada has 
seen fit to divide the region into four districts with separate recom¬ 
mendations for varieties. The following is his recommendation for 
the several districts: 

Suggested Ideal Size op Apples for Exhibition. 

For Ontario, Along Ijake Ontario and Districts West and South. 


Inches 

Variety Diameter Variety 

Alexander .4 Mann. 

Baldwin. 2% McIntosh. 

Ben Davis. 2% Northern Spy. 

Blenheim..3% Oldenburg .... 

Fallawater . 3^ Ontario. 

Fameuse. 2% Ked Astrachan 

Oolden Busset. 2% Ribston . 

Gravenstein . 2% Rhode Island 

Hubbardston . 2% Greening ... 


Inches 


Inches 

Diameter 

Variety 

Diameter 

.... 2 % 

Stark . 

.... 3 

.... 2 % 

Tolman. 

.... 2 % 

.3V4 

Tompkins King 

.... 3'4 

. 3 

Wagener. 

. 2% 

. 3 V 2 

Wealthy . 

.2% 

. 2 % 

Wolf Enver.... 

.4 

. 2% 

Yellow Transparent. 2 % 


3 
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Eastern Ontario, Quebec, New Brunswick, Northern Nova Scotia, 
Prince Edward Island. 


1nchcs 

Variety JDiainatcr 

Alexander. 4 

Baxter. 3V2 

Bethel . 

Ben Davis... 

Canada Baldwin... . 2^2 

Crimson Beauty.2% 

Dudley. 3 

Fame use . 2Vi» 


Inches 

Vaucty Diameter 

McIntosh . 2% 

Milwaukee . 3 

New liruiiswick. 3 

Oldenburg.3 

Pewaukee . 3 

Ked Asirachan. 2‘/k 

Scarlet Pippin. 2% 


Inches 

Variety Diameter 

Scott Winter. 2Vi» 

St. Lawrence. 3 

Wolf River. 4 

Wealthy . 2% 

V cl low Bellflower... 3 
(^Bishop J*i{)piu) 

Yellow 'liansparent. 2Yj, 


I'CR Nova Scotia, Annapolis and Adjacent VAiiLi:Ys. 


Inches 


1 n dies 

1 iidies 

Varieiu Duiimter 

Vara ty 

Diameter 

Vanity Diameter 


1 

11 ubbardstoii . . 

. 3 

Ribston . 

3 


3 

Mann . 

.... 3 

{Stark . 

3 


2Yj 

Northern Spv. . 

. 3Vi 

To 1 man . 

2% 

Blenheim. 

3 Ml 

Oldenburg ..... 

.... 3 

Tompkins King. 

3 Lj 

Ckix Oianjjo Pippin, 

•ji/', 

Ontario . 

.... 3^4 

WageiK^r . 

2% 



R. 1. Greening. . 


WclliJigPin. 

3 


3’L 

R,oxbnrv Russot 

.... .‘0^1 

Wealthy . 

3 

G ravens! ei a. 


(Nonpareil ] 


iellow' Jiellflower. . , 

•> 

Golden Russet. 

214 

lied Astrachan. 

3» 

(Bishop Pjpjiin) 


(American) 








PcR British Columbia. 



Inches 


I n dies 

Inches 

Vanity Diameter 

Variety 

Diameter 

Variety Diameter 

Cox Orange Pipjun. 

3 

King David.... 

.... 3Vk 

Wagencr . 

3V4 

Oldenburg . 


McIntosh ...... 

.... 3V2 

Wealthy . 

3y4 

Esopus. 


.N orthern Bjy.. 

.... 3Vi 

Winesaj) . 

3 

Graven .stem . 

3 V., 

Rome Beauty... 


Winter Banana. 

3 Ml 

Grimes. 

3 Ml 

Rod Astrachaii. , 

.... 3M 

Yellow Transparent. 

3 

Jonathan . 

3 

Tomjikins King. 

.... 3% 

Yellow New'town. .., 

3 


Ill conclusiou yotir coinmittee wish to state that in their opinion 
there is but one standard for judging fruit and that is the corntner- 
cial standard. Any otlier standard is purely fictitious and without 
justification. In the preparation of this report your committee have 
been guided by this thought and in each ease to the best of our 
ability we have tried to indicate the most acceptable comineiTdal 
size as the one best suited for exhibition purposes. 

(It was moved and carried that the score cards presented by the 
committee at the 1913 meeting be adopted as the official score cards 
of the Society. These score cards are printed in the 1913 report.) 
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THE VARIABILITY IN THE LENGTH OF APPLE STEMS. 

By S. H. Hollister, 

Connecticut Agricultural College, Siorrs, Conn. . 

l^robably every one wlio has had anytJiiiig: to do with the handling 
of apples lias noticed the great variability in the length and size 
of the apple steins. This is lrut» not only for the different varieties, 
but also for the same variety, whether picked from the same tree 
or from widely separated trees growing in the same orcliard or from 
oreliards far apart. These are points which are espeiially notice¬ 
able wdiile one is Iiiilining or harvesting a crop of applets, or while 
selecting fruit for ad exiiibit. It has often happened that the 
writer started in to select a plate of short stem Baldwins and it 
seeni(‘d as tliough all the perfect specimens were those with long 
stems. If he changed to a seleiiion of long stemmed fruits then the 
shoj’t stemmed oji(*s seenu'd to be more in eviilence. It is not un¬ 
common to hear growers speak of certain trees ])roducing long 
stemmed fruit and othm- trees of the same variety in the orchard 
jiroducing short stemmi'd fruit.. Ueeently a large apple growrer 
made the nmiark that the type of Ihildwin stem had (dianged since 
he w'as a buy from being.very short and thick and often lipped, to 
being longm- and more slender. I^crhajis wdsh to settle this point 
by consulting any standard work on Pomology and w^e find the 
character of stem to lie “short to medium, ofteii lipjied, sometimes 
long and shmdei*.” Thus we aie no nearer the solution than we 
w'ere Ixi'ore. 

This (lueslion of what is a typical stem for a variety is quite im¬ 
portant, especially for the grower who is selecting fruit for an 
exhibit. Shall he select the long or the short stem? Perhaps the 
judge may c*onsider the long stem the true type and will give the 
award to a plate of that type. 

Another point w'hi(di the w’riter noticed w^as tlie sliape of the in¬ 
dividual fruits with long or short stems. The longer stemmed 
fruits seem(‘d to be more oblate than the short stemmed ones wdiich 
were more conical. 

With these tw^o points in mind the winter started some experi¬ 
ments tw’o years ago, hut owdng to his absence when the fruit was 
harvested the crop was all mixed together. 

There are several factors wiiieh stand out in this question of stem 
variability: they are, first, do (certain trees produce fruit with only 
one type of stem ; second, wdll the tree continue to produce this type 
of stem year after year; third, can it be made to change this type 
and produce a short stem in place of the long one heretofore pro¬ 
duced ; fourth, are long stemmed apples more desirable than short 
stemmed ones; fifth, does the length of the stem and the shape of 
the fruit bear any relationship to each other; sixth, does the position 
of the fruit in the flower cluster bear any relationship to the length 
of stem ? 
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In this shoi’t preliminary paper the speaker has eonsidered only 
the last two factors and particularly the last one, namely, does the 
position of the fruit in the flower cluster hear any relationship to 
the length of the stem. His results indicate that there is a direct 
relationship (*xisting between these two poinis. To show this we 
must first consider the inflorescence of tiie apple which is eymose 
and centrirugal, that is. Hie central bud o])ens tirst. If this central 
bud develops into a fruit it will liave a much shorter and thicker 
stem than any of the other flower buds in the same cluster. 

A series of m(‘asureuH‘nts of Baldwin stems showed the average 
length of the center ones in tlie clusters to ])e a trifle more than 
A of an inch as compared with a little more than ].! of an 
inch for the longest stemmed ones. In tlie fruit clusters where the 
central flower failed to set tlie average length of the shortest stems 
was nearly !;1 of an inch, being more than jV. of an inch longer 
than the shortest stems in clusters with central fruits. AVith Ben 
Davis stems the variation in length due to position in the cluster is 
just a little greater than it is with Baldwin stems. 

The general (‘onclusion is that the average length of all the slerris 
in a cluster is less when Ihe central flowvr has developed, the differ¬ 
ence being A of an im^h wlien tluu’e are only two fjaiits in a cluster 
and a gradual lesscming of this diff(u*enc(‘ with an increasing num¬ 
ber of fruits in the cluster. 
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The Auditing Cominitlee re].K)rled that it IukI oxaniincd the acemuits of 
the Treasurer and I’ouiKi tlieni to be <'orreet. 

11. J. KIJSTA(JK, 

C. A. McC^UE, 

T. C. JOHNSON, 

t!oininitteo. 

(After the Treasurer's report, had been adopted a inotiou was 
passed autiiori/iiig the Society to pay the expeiis(‘s of the Secretary 
ill atteiuUiig tlie meeting.) 

WEDNESDAY, DECEMBER 30, 9:30 A. M. 

ruESiDENT Corbitt : The papc^rs jiresented at yesterday's ses¬ 
sions aii<l tlie discussion following wen?, I am sure, a })l(*asiir<^ and 
Rtiniulus to ev(u*y one j>resent. The part of the ])rograni y(*t re¬ 
maining })romis(s as many good things as we have already enjoyed. 
The list is a long one and will require all tlie time at our disposal 
and unless tliere is olijetdion the plan of yesterday will l)e followed 
and discussion postiioned until Ihe papers of the morning have been 
heard. 

SOME PROBLEMS CONNECTED WITH KILLING BY LOW 
TEMPERATURE. 

j^Y W. 11. Cji \ndlkk, 

Cornell Uniiu rsHjj^ lihaea, S. Y, 

It is not necessary to emphasize the importaru't' of wint(*r and 
spring freezes in th(‘ fruit industry, and few problems rcdaiing to 
fruit-growing have been the subject of mor(‘ extended study. While 
the pomologist’s interest is directly in th(‘ means of obviating in¬ 
juries by low temperature, yet a study of tln^ caus(x or nature of 
such injury, may also be of interest to him, sinec^ smdi knowledge 
would seem to be essential to any intelligent study eoneerning means 
of obviating injury. 

In a discussion of tliis subject it is ne(*.essary to s])(M*ifv just wbat 
phenomena are being discussed since there are apparently a number 
of phenomena commonly classed under winter injury, vsuch as death 
hy evaporation from twigs and leaves when the soil or the tree trunk 
is frozen so tliat the moisture supfily is shut off, or Avben the soil 
temperature is so low that in ease of some plants no water is taken 
up. The phenomenon discussed here is that observed at once on 
thawing when the tissue is submitted to killing temperature. There 
is a brown and watery appearance, and evaporation, at least from 
succulent tissues, is much more rapid than before it was frozen to 
death. Under the microscope a movement of the coloring matter 
from colored cells to the intercellular spaces, or to adjacent cells not 
colored may be observed. Jn case of all succulent tissues, including 
winter fruit buds, death may be obser\md in a very short time by 
the brown watery appearance after thawing. 
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Tile most extended studies concerning this jihenomenon of killing 
by coJd have been made in European countries. When it was first 
learned that ice was to he found in the tissue it was naturally sup¬ 
posed that the ice crystals would be found within the cells. How¬ 
ever, Geoppert observed that the formation of the ice is often in the 
interccUuiar spaces, and Sachs found that the ice formation under 
normal rate of temperature fall is nearly always in the intercellular 
spa(jes. Perhaps the most valuable conirihution to our knowledge of 
injury to plant tissue from freezing has been made by Miiller- 
Thurgau. lie showed that death from freezing does not occur unless 
ice forms, that is, wlion tissue was kept super-cooled for varying 
lengths of time to tem[)eralures even lower than tJiat at which it 
normally kills, no injury oceurr(‘il provided the tissue could be 
wajaiK'd to the freezing point without ice formation. Tie also ob¬ 
served the frozen tissue rather more earefully than it had been ob¬ 
served by others, ami foinnl, that on freezing, i\ut water is with¬ 
drawn from the ceil to form ice ea-ystals in the inlenudlular spaees. 
Molis(di, ])y very eand’ul studies, contirined the results of Muller- 
Tliurgaii. Moliscli and Alidl(‘r-Thurgan both came to the conclusion 
that di‘alli to tln‘ tissm* results from the ra})id willidrawal of the 
\\Ht(*r from tlie cells. In the ease of some plaids, especially the 
white irn'liids, they wen* able to demonstrate that death may actual¬ 
ly occur befon* the tissm* begins to thaw. 

Kec(‘ntly i\la\imow’ has made a very interesting contribution to 
our kuowi(‘ilge of frozen tissue. He used small pieces of red cabbage 
and trad(*s(*antia leaves. The tissm* wms frozen in ])ure wmter and 
in solutions of var\iug str<*ngtlis of a number of organic and in¬ 
organic (‘omjKmnds. He fouinl that vvlno'cver the sul/stance used in 
solution was not (*xtremely toxic and where it stayed in solution at 
low^ temperatures, Vi*ry gr(*at proteidion was ottered by the ma¬ 
terial in solution. An intt*n‘.sting tVature of this wmrk was that 
w}n*n the tis.sne was dropped into the solutions and immediately 
frozen as much protei tion was to be observed as wdiere the tissue 
wms k(*pt in the .solution long enough foi* it to enter the* cell and 
im*rease the sap eoncentI'alion. Apparently, then, the injury from 
tin* wdtlidrawal of w'ater, or whatever ('aus<*s the injury, under 
Maximovv s eonditions at lea.st, was to tlu* ])lazma membrane only, 
though some observers liad pnwiously held the opinion that the in¬ 
jury would be first to the nm'lens. 

Keith, w’orking witli })a(‘t(*ria, has recently found that materials 
in solution protect the cells from injury at a given temperature, 
but more interesting still, that working the ice into a sherbet had 
the same effeet, that is, liacteria in a sherbet ice would not be killed 
at as high a temperature as that at wdiiidi th(\v were killed in solid 
ice. 

The speaker was able to inerijase tint hardineSvS of plant tissue by 
permitting it to absorb various solutions, but the iintrcased hardiness 
was nothing like so great as that observed by Maximow^ and Keith 
when the tissue was frozen surrounded by the solutions. However, 
there is just one possible source of error in Maximow’s work. He 
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froze his checks in pure water and not in air. Tissue with wet 
surfaces will in nearly all cases kill at a liigher temperature than 
that with dry surfaces, and when the tissue is surrounded by con¬ 
siderable masses of ice and the temperature is as low as if the ice 
w'ere not there, urKiuestionably the killing temperature would be 
somewhat higher. It is doubtful in my opinion, whether in view 
of the w ork of Maximow and Keith we (*an still accept so simple a 
theory as that of w^ater removal alone as an explanation of the 
injury from freezing. It should be further considered that those 
tissues, which will withstand the low'est tempiTatures, contain very 
small percentages of moisture. Thus, seeds have been exposed to 
a temperature of liquid hydrogen for six hours when they w^ere 
perfectly dry and no injury resulted. The placing of seeds in water 
for a very few hours will greatly reduce their resistance to low 
temperature. We may assume that the protoplasm in such tissues as 
seeds and cambium has reached a condition where its water 
requirements are very small. Yet it would hardly seem probable 
that but a few hours^ exposure to moist conditions would greatly 
(diange the condition of the protoplasm with reference to its water 
requirements. 1 may say, further, that in my own (‘xperieiK'-e, buds 
of peach tr(‘es wall withstand considerably low'cr temperatures wdien 
they are rather badly wilted. It seems jmssihle that reducing the 
moisture content actually increases the hardiness, and it would not 
be surprising if we learned that the water withdrawal is merely 
associated with death frorn freezing witliout being its cause. The 
immediate cause of death may not be the same in nil frozen tissue. 
According to the work of Gorke and Schaffnit precipitation of pro- 
teids is sometimes associated at least with freezing to death of plant 
tissues if it is not the cause. 

Closely related to the cause of death fi^om freezing is the effect 
of the rate of thawing on the amount of injury. It early seemed to 
be the common opinion that the rate of thawing determines the 
amount of injury. Geopperl- was of the opinion, however, that the 
rate of thawing very slightly affects the amount of injury, if it 
affects it at all. Sachs froze such tender tissues as ])umpkin leaves 
ill waiter and found that tissue frozen in this way did not kill, while 
if frozen in air so that it tliawed more rapidly it would kill. Miiller- 
Thurgau was led to the same (jonclusion because when he stood 
stems of plants in waiter, and let water, stems and all freeze, the 
tissue on thawing w'as killed above the water but uninjured 
beneath it. He later found, however, that the tissue beneath the 
W^ater had never been frozen, the freezing point of the tissue being 
lower than that of the w^ater, and the w^ater never having reached as 
low a temperature as that of the air. Sachs also seemed to find that 
when he immersed frozen tissue in water it recovered, when if it 
was thawed in the air it killed. Muller-Thurgau, however, showed 
both by reference to physical laws and by experimental evidence 
that if Sachs saved the tissue by immersing it in water, he saved it 
by means of very rapid thawing rather than by slow thawing. 
l!^en the tissue is immersed in the cold water immediately, masses 
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of ice will form on the surface. The eighty units of latent heat are 
then available to thaw the tissue within, it should further be con¬ 
sidered that the specific heat of water is very much gi*eater than 
that of air. Then, by actual observations Muller-Thurgau learned 
that in all cases the ice crystals would be out of tissue so thaw^ed 
in cold water more quickly than it would be out of the tissue kept 
at room temperatiire. lie studied the ed'eei of slow and rapid 
thawing on the tissue of some three hundred different plants and 
came to the conclusion that the rate of tliavving has nothing to do 
with death from cold. Later, how’^ever, he found, w^hat is com¬ 
mon knowledge to us, that if the temperature does not go too low the 
rate of thawing very materially affects the amount of injury in case 
of ripe api)les and pears. Molisch also studied the effect of the rate 
of thawing on between two and three hundred plants, and eon- 
firmed the results of MillJer-Thurgau. However, he found that 
slow tJiawing reduced the injury to the leaves of the century plant 
also, hi our own experience, we have found that slow thawing 
very slightly reduces the injury at the maximum killing tempera¬ 
ture of lettuce leaves. The differejice here, liowevor, is nothing like 
so great as in tlio ease of ripe apples. It should be remarked that 
by slow thawing of tissue is meant aidually slow thawing, and not 
thawing in cold water whieh is rapid thawing. Thus, thawing the 
apple ill cold water is ajiparently as injurious as thawing it rapidly 
in the air at a Idgli temperature, but if it remains at a low tempera¬ 
ture, which rises very gradually, it can be taken to considerably 
lower tempi^rature without injury than if thawed rapidly. In 
rather ext<‘iKl(‘d studies with blossoms and young fruit at the 
Missouri Experiinc'ut Station w(‘ came to the eonclusion that the 
rate of thawing has nothing whatever to do with the killing 
temperature of sueh tissiie.s and the interesting fact was observed 
further in the case of apjde fruits two-thirds grown, no benefit what¬ 
ever could be observed from slow thawing, though marked bene¬ 
fit was observed from the slow thawing of ripe apples and pears. 
In case of ripe peaches, potatoes and other succulent tissue, as 
well as in the case of roots, buds, leaves and blossoms, no bene¬ 
ficial result from slow thawing was oliserved. The statement is 
often seen in literature that it is the thawing that determines the 
amount of injury. That is, if thawing is so slow that the wmter 
may be taken back into the cell before its evaporation, injury does 
not result. Sueh a statement would seem very far out of harmony 
wi^h the facts. The tissue that is most markedly benefited by the 
slow thawing (ripe apples and pears) has relatively such a small 
evaporation surface that even w^ith the killed tissue, wmter loss is so 
slow^ that what is lost Ixdbre the cells are able to take the wat^r 
back could not be a determining factor. Tf such a theory w^ere 
true the greatest benefit fimrn the effect of slow thawing wouhl be 
observed with tissue that loses water rapidly, such as leaves, 
flower petals, etc. It should also be remembered, as Muller-Thurgau 
points out, that slow thawing will, in the case of a few tissues, 
reduce the injury from the maximum temperatures that kill, yet 
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when the tissue is taken to a somewhat lower temperature it kills 
regardless oi* the rate of thawing. The rate of thawing, even in 
these eases is not a determining factor, but only a factor that 
slightly influences the killing, and it does not seem possible that this 
influence can be explained by the statement that it enables the cell 
to take the water back before it is evai>orated. I should say here, 
that a('-eording to a letter from Dr. II. J. Weber, it is the experi¬ 
ence of orange growers that the greatest injury is to be observed on 
the southeast side of the tree, the side that is first reached by the 
morning sun. 

This would seem to indicate that the orange represents another 
tissue that is benclited by slow thawing. Ib‘cen11y in a l(‘tter to 
Dr. L. TT. Jhiiley, O'dara states that the same phenomenon is ob¬ 
served in the case of other fruits in the Pa('ihc Northwest, and 
where he has protec'ted pear trees from the morning sun the injury 
was reduced, or prevented altogether. Yet in my own ex])erience, 
under eonti’olled eonditions, the most rapid thawing eom])ared with 
the slowest thawing possible did not chang(^ the results with young 
fruits and blossoms. D’dara furtiier stat(‘S that wl^ere he has 
sprayed the tree with water in early mornitig, so that ice (*ollected 
on the surface of the tissues, lie also n‘du(*ed, or prevented, injury. 
TJiis last certainly was a means not of slow thawing, hnt of very 
rapid thavijig, in fa«d almost instantaneous tliawdng. Thus, when 
the sun’s rays hav(‘ been k(*pt off the frozmi tissue less injury has 
resulted, but when the tissue* has been thawed at once so that there 
W'ould be no frozen tissue foj* the sun’s I'ays to reacli, injury has 
been roeluced or prevented. It would se(*m possible, Hum, that 
there might he an injurious eflVed of the sun’s rays on frozfui tissue. 
This certainly offers an interesting field for investigation. Tlu* fact 
tliat i<*e gathered on the surface wmuld, of (mnrse, lie no indication 
that ice was left within the tissue for the freezing point of the 
tissue is lower than that of the water on the surface, and the ]a{<*nt 
heat given off in iee formation, if there were much ice foruurd on 
the surfat'e, would make it impossible that any icc' (muld nuuain 
within the tissiuj unless the ice on the sui Hute wen* helow' the freez¬ 
ing point. 

Of interest in this regard also is the rate of tem])eratnre fall. 
Until recently able physiologists; like Pheffer. Avere of the opinion 
that the rate of temperature fall also has little or no influence on 
the amount of killing. This \vas probably because most of tlu* study 
that had been given to the subjeid was with succulent tissue that 
kills at a rather high temperature. In the case of winter dormant 
tissue, howuwu*r, the rate of temperature fall has a very marked 
influence on' the killing. Tims Winkler, \vorking with Pheffer, 
found that he could gradually lowu'r the killing temperature of win¬ 
ter twigs by lowering the temperature very slowly; and in our own 
experience tissue that may withstand temperatures of -40'^P. will 
be killed around O^P. if the temperature fall is especially rapid. 
It seems possible that this may offer some explanation of siinscald, 
providing that injury is learned positively to be a form of winter 
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injury. The temperature on the sunny side of a tree trunk may be 
20 to 30 degrees above air temperature on a clear afternoon. This 
increased temperature is maintained rather late in the afternoon 
because as the sun goes down the rays strike the trunk more directly. 
As soon as the sun is off the trunk, however, the temperature fall is 
very rai)id. 

i’erliaps Uni effect of low temperature is more important with 
peach growing Ilian with any other temperate zone fruit. In case 
of the winter dorniaiit buds again, the rate of temperature fall seems 
to lie an important factor. When the tem])erature fall is somewhat 
rapid, that is, when the killing night is not preceded by a rather 
long cohl [lei’iod, from all the experiimce we have lieeri able to 
gather, we may exjiect tlie dormant Imds of most varieties of 
peaehi's to he killed by tmuperature around -lO-' to -12' F. Yet 1 
have known a fair crop of ]K‘a(dn‘S to he borne on some trees follow¬ 
ing a t(mij)eratnre of .2o F. In all such cases, of which we have 
f(iund records, there was anywiun’i from a week to several weeks of 
weather in which tin* tem])eratnre did not n‘ach the thawing point 
throughout the period. Thus, tin* temperature fall w'ouid be very 
gradual and it seems highly tirohahle that this explains the few 
cases when* p(‘a(di buds witiistand sneb low temperatures. Of 
(‘ourse, a few imds on a triM* may be in a considerably wilted condi¬ 
tion so that 1ln‘v will witiistand lower tem])eratures even when the 
tempcn'atiin* fall is somewhat rapid. I think, then, we are safe in 
placing th(‘ killing t(*mi)erature of buds, of nearly all vari(di(*s of 
peaebes. at apfiroxiinalely -10 to -12 F., wdien the temperature 
drops from the freezing point within one or tw’o days. Tlius, in 
New York during tin* past season there were practically no peaches 
left, and yet in the im])ortan1 pea(*h regions the temj)eratures were 
not much below -10 F. The minimum temperatures for the year 
in a f(*vv of tin* important [>em‘ii seidions w’(*r(* as followxs: 


Rocln*st(*r.-IF 

Brockport. -15^^ 

Lockport. -F2 

(leiieva. -14' 


In most (tases tin* peach sections w’ere in locations slightly more 
protected than the <dtit*s mentioned, yet in all cases practically all 
the peach buds were kill(*(l. At Tronde(|Uoit, somewdiat nearer Lake 
Brie than Rochester is, the Blherta and ("rawdord were practically 
all killed, although (hirman ami (Ireensboro had enough live buds 
left for a fair croj) if conditions had been favorable at blooming 
time. Lo<*al growers repoT*t(*d a temperature of -9'F. to -11 It is 
interesting to note that there are but a few dt*grees of difference 
in killing temperature of most of the varieties of peaches, the Hills 
Chili group, the Stevens Rareripe and some of the Chinese Cling 
peaches like Carman and Greensboro, are more hardy than the 
Elberta and Crawford types, yet the difference represents perhaps 
not more than two or three degrees when the temperature fall is 
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normally rapid. It is often stated that the loss of water from the 
peach buds raises the killing temperature, yet as I have previously 
stated, we girdled peach limbs in winter cutting through the sap 
wood so that the moisture content was appreciably reduced, they 
went through a temperature that killed the other buds on the same 
trees, or on different trees in the same orchard. It has further been 
our experience that wdien we have killed the buds artificially under 
conditions where evaporation could play no part, they have killed 
at just as high a temperature as when they killed naturally, and 
at higher temi)erature if the fall was more rapid. It may also be 
of interest to note that when we have removed the scales from peach 
buds before freezing them, a smaller percentage would be killed at 
the same temperature and under the same conditions than when 
the scales were not removed. 

It is probably true that many pheiiom(‘na associated with killing 
at a low temperatun^ are nothing more than the effects of evapora¬ 
tion during a period when the source of water to the tissue is cut 
oft* because of its frozen condition. Thus, red raspberries seem 
entirely hardy in Alaska, and yet often kill in Missouri and nearly 
always in Nebraska. Professor R. A. Emerson has shown that death 
results solely from their drying out in winter. Thus, when he nujre- 
ly coated the canes with paraffin the,v survived the winter, wliile 
j)ractically no untreated canes came through alive. The twigs of 
fruit trees are likely to be killed in such regions as the Dakotas, 
and may possibly under certain (*onditions be killed further south 
and east. It is doubtful if this is often associated with phenomena 
to be observed in the tissue as killing resulting directly from low 
temperature. Yet Shutt and Allen each seemed to find a marked 
correlation between the moisture content or rate of water loss froTv 
apple twigs and the liardiness of given varieti(‘s. The most im¬ 
portant factor that influences the hardiness of winter tissues is 
maturity. In the case of the cambium, if not in the case of somt^ 
other tissue, this maturity is associated with a I’eduction in thi^ 
moisture content as well as a thickening of the cell walls, hence, it 
would seem that high moisture content or rapid water loss would 
indicate a less advanced condition of maturity. In that case it 
would seem probable that the tissue with a high moisture content is 
tender because tin* water is there and not because it is lost. Reduced 
water content, however, would not fully explain the very gradually 
increased hardiness of some winter tissue. There is no great reduc¬ 
tion in the moisture content of cortex during winter, and yet it may 
be killed at a temperature of a few degrees ])elow freezing in sum¬ 
mer and may withstand as much as 80^"F. below freezing in winter. 
It seems hardly probable that the increased concentration of the 
sap explains this since the cortex is much more hardy in January' 
than at the time of leaf fall, and yet there is very little difference in 
the sap concentration as measured by the freezing point. It would 
seem probable that in a state of maturity besides the reduced water 
supply the protoplasm simply acquires a condition that enables it 
to withstand a larger amount of ice formation with the resulting 
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removal of water from the plasma membrane or whatever else 
causes injury to the cell x)rotoplasm on freezing. 

In case of peach fruit ))uds, keeping them mature through warm 
periods of winter is of as great importance as having them reach a 
normal condition of maturity in autumn. The writer found in 
expenments in South Missouri that prolonging the rest period in 
winter by keeping the tree in a vigorous condition may serve to 
keep the buds dormant later and increase the probability of their 
surviving tiie winter. 

At Brandsville, Missouri, plots of lyenah trees were pruned 
severely and jilots were fertilized heavily with nitrates. In each 
case the season’s growth was very vigorous. On February 22, 1910, 
th(i untreated trees were nearly in full bloom, and the crop was 
destroyed by a temperature of 14 F. The buds on the pruned and 
fertilized trees were, not as far along by j\Iarch 16 when another 
freeze came. These trees bore practically a full crop while un¬ 
treated trees bore nothing. 

On no other years have the results of such treatment been so 
marked, bnt on nearly every year there was some difference, the 
l)uds starting more slowly on the vigorous trees. This is not true in 
the North because tluTe arc no warm days to push the buds before 
the re^t i)eriod is ended. 
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PRESIDENT'S ADDRESS. 

HORTICULTURAL INVESTIGATIONS—A RETROSPECT 

By L. C. Corbett, 

V, 8, Depariment of Agriculture, Washington, Z>. C. 

In no other scientific activity has the individual found greater 
opportunity to express his point of vi(‘W and the influence of his 
early training than in the field of horticultural resc^arch. The early 
training of an individual has a inarhed bewaring upon his activities 
in later life. If, immediately upon complecting his ecourse of study, 
a young man is thrown upem his own resemree^s in a comparatively 
new field, his work is very apt to re^fle^ct the influence of the instruc¬ 
tion he has received. 

In the early days, those engaged in horticultural we)rk were large¬ 
ly men fresh from the institutions anel strange to the environmemts 
in whicih they found thiiinselves. As a result, Ix'cause of the neces¬ 
sity of turning out a product, many sim})le activities of a theoretical 
nature were selected and conducted, eitlier in greenhouses or field 
plots, from a laboratory standi)oint. In nature these investigations 
were, for the most part, unrelat<Ml to tlH» horticultural y>roblems of 
the states in which they were conducted. Trn(‘ it is that the indus¬ 
tries were not as (‘xtemsive or as highly specialized as they are to¬ 
day, but, neverth(‘less, specific problems existed in quite as great 
profusion and were quite as important to the industry as those pre¬ 
sented for solution today. Th<‘ fact that limited funds were at th<K' 
disposal of the investigator made* it imi) 0 ssible for him to familiarize 
himself with the horticultural activities of the state. His problems, 
if they were problems of thi* state, were often sugg(‘sted through 
corr(‘spondence or were contributions of his own mind and chosen 
largely from pref(*renc(* or because a similar line of work had inter¬ 
ested liirn during Ids colleg(* career. T cite this for the reason that 
an inventory of the horlieultural activities of th(‘ various stat(*s, as 
portrayed in tlaur juiblications, clearly shows that a larg(» part of 
the energy and funds which have been devoted to horticultural 
activiti(‘S have been (lire(?t('d to minor rathei* than to major prob¬ 
lems. 

An analysis of the work carried on by the state experiment stations 
and the Fed(‘ral Dej^artment of Agiuculture along horticultural lines 
demonstrates th(‘ truth of these assertions. Notwithstanding the 
diversity of the fiidd covered and the various personal attributes 
possessed by those engaged in the work, it is possible to segregate it 
into general classes or types of investigation. Those which I believe 
all will agree to are: 

1. Theoretical considerations. 

2. Systematic studies of liorticiiltural groups, 

3. Variety tests. 

4. Descriptive (expositions (covering crop growing, regional 

distribution and crop adaptations). 

5. Surveys of a statistical or economic nature. 

6. Special industrial problems. 
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I. Theoretical Investigations. 

These investigations, for the most part, have been directed toward 
the solution of specific problems vdiich have an indirect or remote 
bearing upon the industry. The object of these investigations has 
been to gather information of a g(meral nature rather than to find 
the solution of specific problems dir(‘Ctly connected with an enter¬ 
prise. In the early days of investigational work in horticulture, this 
type of problem was more common tlnui at pres(mt. While no con¬ 
siderable portion of tin* (‘iiergy or funds d<‘Voted to experimental 
work in horticulture has been devotinl to such activities, yet investi¬ 
gations of the infiucnc'e of itu'andescent gas light on plant growth, 
or th(‘ (‘ffect of an (*le(*tric currtuit on th(‘ gri)wth and behavior of 
seedlings, may be taken as tin* typ(‘ of work whicli is in mind. And 
T believe that wlnm tii(‘ liglil of history is turned ii]»on the so-called 
plant breeding work now un(hn‘ wr-y much of it will be classified 
under this <!a|)tion. A study of tlie manifestations of hypothetical 
pairs und(‘r imin(‘asarable stimnlii (‘omes well within the limits of 
theondical investigation. 

II. SysTKMATio Stcdies of HouTicxn/ruRM. Groups. 

This ty])<‘ of inv<*stigatio]i, as a nwiew of tlH‘ horticultural liter- 
atur(‘ wdll demonstrate', was a favoritt' among many of the early 
w’orkiTs in IjortieuHure and T am glad to say that it lias not entirely 
gone out of fashion ovani up to tlu' present time. Tins line of en¬ 
deavor was iind(mbt<Rlly sngg(*sted from two points. One of the 
infliK'iiees directing atttuition to it was the early training of the men 
pursuing horticultural research. Many of tlmse to whom horticul¬ 
tural investigations wcmh* intrnst<‘d were fri'sli from 1h(» class rooms 
and laboratories of h'ading t(‘achcrs of systematic botany. Their 
training in systematic work led them immediately to obsf^rve the 
shortcomings of horticultural literature in that it lacked systematic 
handling of horticultural groups. 

A second consideration influencing those possi'ssiiig a knowledge 
of systematic priiicii)h\s to undertake th(‘ woi'k of unraveling some 
of the horticultural tangles was that systematists in general had 
assiduously left (Uiltivatcd plants alone and had considered tlumi 
unworthy of afttnition. The ehaiige of attitude towards the study 
of cultivated plants wdiich has come about in the* last quarter-cen¬ 
tury r(»quires no discussion Ix'fon* this society furthen* than to say 
that the conception of botany lias been more profoundly modified 
within the last 25 y(*ai*s than that of any other science. 

The work of Stnrtevant, of Bailey, of Hume, and (»f Waugh, will 
^rve to illustrate suffi<*ien11y the ty]>c of work falling under this 
’'classification. Sucli work is definite, clear-cut and constructive, but 
it has greater interest for students and teaciiers than for practical 
horticulturists. It increases the efficiency of the investigator with¬ 
out enhanring the value of an industry. 



66 


THE SOCIETY FOR UOBTICULTURAIj SCIENCE. 


III. Variety Tests. 

Another activity which has engaged the attention of horticultural 
students from the founding of the ex})eriment stations to the pres¬ 
ent time, has been that of variety testing. Variety tests have been 
conducted witli (»very conceivable class of fruit and vegetable. I do 
not think it is an exaggeration to say that fully one-fourth of the 
horticultural publications wliich have emanated from the state ex¬ 
periment stations, bear evidence of this type of work, sometimes 
under tbe name of variety tests and sometimes under a nom de 
plume such as adaptation studies, fertilizer tests, etc., which in large 
measure are of the same general character, and lead to the same 
general unsatisfactory result. 1 believe 1 am safe in saying that 
every horticulturist in this audience has at one tiim* or another de- 
pUmnl th(^ fact that so mueli time and attention have been given to 
variety tests which were not comparabh* with any other work done 
by any one else in any other state, yet every one of us has been 
guilty of contributing to this hodge-podge and still the game goes 
merrily on. 

I sus])ect I havi‘ said as mneh as any other horticulturist ou tlu^ 
subject of varb'ty testing, but, as you all know, 1 have endeavored 
to direct the energy which tbe stations seem hoiiud to put into this 
activity, along lines which would make the results (‘omi>ara])le and to 
an extent worth while. Just how far this idea has taken hold of 
those who are <>ngag(*d in vari(*ty test work 1 will leave for you to 
decide. 

Variety testing has been with us from th(‘ beginning, it will prob¬ 
ably continue with us to th<‘ (uid. I hope that, as tirne jirogn^sses, 
the work will take on some aspects which will make it really wmrth 
wiiile. If it did no mon^ than jmint out tin* comparative adaptabil¬ 
ity of varietii‘s to different soils aud eliniatie conditions in such a 
w^ay that tin* n^sults could be usc'd, in later years, by students of 
plant variation for the pur])ose of detiTinining tin* evolutionary 
trend of our leading horticultural plants, it would be justified. If 
tbe n.*cords wvre carefully made and systematically recorded upon 
a comparable basis such far-reaching results might be expected, but 
under the ‘Maisscz fain*’' system v/hich has been chiefly in vogue up 
to tin* present time no such result can In^ hoped for. 

IV. Descriptive Expositions, 

The next definite period in the evolution of horticultural liter¬ 
ature was 1h(* description of the activities and industries which had 
grown up. This was undertaken as soon as horticulturists were 
provided wdth sufficient funds and allowed time to study the enter¬ 
prises of the states in which they were located. This came about as 
a result of tin* additions made to the Hatch fnini and the divorcing 
of the instructional and investigational work in the institutions. It 
became evident that th(*re was a great dearth of information regard¬ 
ing the extent and importance of the various horticultural activities. 
A need for a series of bulletins describing the practices of buccessfvd 
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commercial horticulturists seemed to exist. This was particularly 
true of vegetable culture as the work done by the experiment sta¬ 
tions had been largely variety testing. The methods followed by the 
successful cultivators of crops under glass as well as those engaged 
in successful truck farming, had not been described in the popular 
press or to any considerable extent by the writers of books. In order 
to make these practices and the information possessed by those en¬ 
gaged in such industries available, descriptive bulletins were neces¬ 
sary. The same methods have also been followed in describing the 
fruit interests. 

In some instances an attempt was made not only to describe an 
industry as it existed in a certain locality, but also to point out other 
suitable areas which might be devoted to the same activity. In other 
words, these publications not only described the industries, but ac¬ 
tually gave an impetus to their (‘xtcmsion by pointing out areas in 
whicli the work might be undertaken. Soiru* of the impoi’tant results 
which have followed this effort are: A more intimatt* knowledge of 
the industries; information regarding the regions in which they 
might be extended and the problems which were likely to be encoun¬ 
tered in their extension and development; and, most important of 
all, that intimate touch with the industries which is so important to 
the suec(^ssful solution of specific problems. In fact, they made the 
investigator more a part of liis investigation and the investigations 
themselves came to he a direct outgrowth of the ni‘eds of the in¬ 
dustries. 

V. SinivEYS OF A Statistical or Economic Nature. 

About this time it became evident that a solution of the probUms 
of prodnrtion was not in itself the key to all th(‘ difficulties incident 
to a large and rapidly-developing industry. Improved transporta¬ 
tion facilities which brought about the substitution of fast freight 
for express shipment; the invention of the refrigerator car, which 
further extended the zom* of perisiiable freight traffic; the applica¬ 
tion of refrigeration to perishable products by which their market 
period w^as extended; and finally, the congestion of theses products 
in large centers to which the transportation systems of tin* country 
led, developed problems of a far-r(*aching character wdiich were vital 
to the ultimate well-being of tin* industries wdiich they touched. 

It further became evident that the field of horticultural r(*search 
must be extended to take into consideration not only the problems of 
production, but also the economic problems entering into handling, 
transportation, storage, and distribution of horticultural products. 
A fundamental step in this din^ction w^as taken by inaugurating 
surveys of the industries to determine the reasons why a certain 
crop gives satisfactory returns in one locality and fails to give satis¬ 
factory returns ih another; to determine the relative cost factors 
entering into the pnidiiction of various crops in the several localities 
in which their cultivation had developed; and further to determine 
the relation which transportation, handling, and storage liear to the 
life and distribution of the product. The early work in this field 
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such as that carried ou by the horticultural division of CJornel Uni¬ 
versity ill its orcliard surv(\vs, while ^dven a purely pomological 
setting, nevertheless took into consideration iriany of the economic 
factors entering into the cost of production. 

Up to this time, as has been stated, the work in horticultun* as 
well as in agronom\- liad been cliiefly directcnl to stimulating pro¬ 
duction and extending the areas under cultivation. It has been 
found, however, that all agricultural industri(%s tend to folloAv the 
laws of li(|iiids and come to a dead h’vel or ])osi1ion of stability 
brought about by the selling i)riee tending at all tiin(*s to a]>proach 
the cost of production. To explain this law more in fl<‘tail, it has 
been observed that industries are rapidly ext(mded or intensified so 
long as there is a margin of jirotit. As soon as th<‘ selling price 
falls below the eost of iirodnetion there is a marlu^d falling ofiP in 
the production of tlie commodity. This law holds in liorticulture as 
well as in all oth(‘r business activities. 1^ht‘ eeonoiiii(‘ surv(\vs which 
ha.v(^ b(‘en (^ondiuded from a horticultural standpoint, have been 
carried on for the j)Rr])ose of deh^rmiiiing for vm*M locality the lim¬ 
iting factors of tiu* industry. Tin* results rev(*ahMi by tlu*se statis¬ 
tical and (M*onomie studies led to th(‘ deV(‘lopment of more economical 
and satisfactory methods of marketing which hav(‘ found ex])ressiou 
ill such organizations as the California Citrus Kxi'liange, North Pa¬ 
cific Fruit Distrilmtors, the blastern Sliore of Virginia Produc(‘ Ex¬ 
change, and other well-(>rganiz(*d marketing associations. Tlu»se 
ageiici(*s, as soon as th(*y undertook th(» work of marketing, imme¬ 
diately found tliat their great(*st problem lay in thi^ field of distribu¬ 
tion. Mtdliods of handling had to be devised whieb would insure 
tile safe d(‘liv(‘ry of products from distant fi(‘lds of production over 
a wid(dy scattered mark(*t area and thus jireveiit the eoug(*stion of 
perisliabh* products in a few terminal })oints to an (‘xtent that might 
caus*^' loss. The final outeoim^ of this has l>(‘en tile establishment 
in tlie Department of Agriculture of activities for the purjiosc* of 
studying the liandling, distribution and marketing of various agri- 
(Miltural crops, ineimliug fruits and vegetabh's. 

VI. Special Imu’Rtihal Pkoulems. 

The developiiKuit of liigidy s[)ecialized features for the pur])Ose of 
extending and making the v^arious horticultural industries more 
profitable ami more sfahh has naturally brought into (existence a 
m^w group of sp< dal iudiislrlal probli nis, A (*.arisid(U*ation of the 
methods of atta<'kiug tliese problems forms the final topic of our 
discours(i. 

in order to satisfactorily solvit the problems of an industry it is 
necessary to study tin* industry as a unit. In many of the institu¬ 
tions there has (‘xisted a type of oi’ganization whicli has been more 
or less loos<‘ and individual in cliaracter. This type of organization 
does not xiermit eith(»r of investigating an industry or of solving the 
more complex problems of an industry. In other institutions a point 
of view has develoi)ed w'hich is that of investigating special prob¬ 
lems. In tlies(% the work and projects of the various scientists pur- 
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suing specialities bearing ui>on any problem, have been so grouped 
ajid correlated as to direct them simultaneously ui)on an industry 
or the problems of an industry. This method of attacking special 
problems has developed a spirit of team work between horticultur¬ 
ists and entomologists, between horticulturists and pathologists, and 
between horticulturists and chemists. It is this type of investiga¬ 
tional activity which, w'hen properly organized and stimulated by 
wise administration, contribut(‘s most to the success of the industry 
and it is, aft<^r all, the benefit to the industry as a whole that the 
investigators in all brancluss of work are striving for. The splendid 
team work carried on by Mr. Scott and Mr, Quaintance in the United 
States i)(‘partment of Agriculture will serve as an illustration of 
this type of effective coop(u*ation. 

The state colleges and exptu'iment stations, with their Adams 
funds, are in a position to attack industrial x)robh‘ms through the 
method I have just mentioned. By outlining a cooperative project 
covering the various phas{‘s of th<‘ industry needing investigating 
and assigning th(\se to tlu' diffenml scientists fitted to attack them, it 
is possible for the states to devt‘lop a line of research which will have 
a more eff('ctiv(‘ hearing than has been possible und(‘r the previously 
existing plan of attack. 

In general it is desirable to pursue investigational work from the 
standpoint of fhe industrij rather than from th(‘ standpoint of spe- 
cial problems, hut in ordei* to (i(‘V(*lo)) s})ecialists of high attainment 
along (‘crtain lines it is esstudial that there be a group of projects 
based on problems wdiicb absolutely cross-cut the industrial activi¬ 
ties. By tliat I rm^an that it is uudouhtedly better in a large insti¬ 
tution where th(‘re arc a numlx'r of lines of work, each of which 
involves the same gen(*ral principles of utilization, to develop the 
utilization point of view in soim; one investigator or group of inves¬ 
tigators rather than to attempt to make each crop man proficient in 
the utilization of tlu^ products with which h<‘ is dealing. As an illus¬ 
tration, 1 may citi* the ({uestion of canning and preserving. If, in 
dev(‘loping the fruit interests of a static which may cover straw¬ 
berries, a])ple.s, peaclu's and ])lums, as is the case in many of our 
eastern states, it might h(‘ more advantageous to devc^lop a labor¬ 
atory manned by specialists who <*ould devot«* their entire time and 
attention to dt‘fLsication, cunning, preservijig, and pickling, rather 
than to Jdtempt to have each fruit specialist who is concerned 
primarily with the cultivation, harvesting, and packing of these 
products for the market, handh‘ th<* drying, canning and preserving 
problems for his crop, I realizts howewer, that this is primarily an 
administrative problem, but it does have an important bearing upon 
the peace of mind of the investigators concerned. If this type of 
cross-cut project is undertaken the two groups of men handling the 
production and the utilization phas(‘s must be temperamentally fit¬ 
ted to do team work, otherwise the projects are bound to suffer. 

Conclusion. 

While this plan of handling research work in horticulture pos¬ 
sesses some factors which are difficult to adjust, it also possesses 
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many advantages. One of the results which might be mentioned is 
that the previous condition of servitude of young men just out of 
college modifies such research work to a very much less extent than 
was the case a few years ago when they found themselves in charge 
of the horticultural problems of a state with which they were horti- 
culturally not familiar. Young men called to take part in construe- 
ti^*e work nowadays usually enter the field to take up some particu¬ 
lar phase of a project which has been carefully outlined and devel¬ 
oped by older and more experienced individuals to a point where it 
is desirable to have additional assistance. Under these conditions 
projects become more stable and they are prosecuted more inten¬ 
sively. 

Another encouraging feature of our work is that the institutions 
are growing to appreciate the importance of uninterrupted work 
which tends to make the personnel of the stations more stable and 
enables the investigators to undertake* and carry out difficult, long¬ 
time projects. Tlie projects themselves are based upon the indus¬ 
tries, are practical rath(*r than theoretical, and deal with major 
rather than minor problems. 

If there was no increased stability to the projects and no improve¬ 
ment in the character of the investigations, our horticultural fra¬ 
ternity would have little cause for congratulation. The growth of 
commercial horticulture, and the faith which those engaged in com¬ 
mercial horticulture repose in investigatiorml work are, it seems to 
me, an exi)ression of approval, but all this, gratifying as it is, im¬ 
poses upon us the responsibility of wisely administering an increased 
trust. 

GRADUATE WORK IN HORTICULTURE. 

By M. J. DoRkSEY, Vniversily of Miiunsofa, Si. Paid, Minnesola. 

The demand for pra('tieal instruction has been quite general in 
a number of fields of applied science in the last two decades or so. 
This demand for instruction in subjects more closely related with 
the life of the individual has been so extensive that it has become a 
topic of serious consideration in educational cir(*les. In mariy in¬ 
stances the older classics as subjects of educational training are be¬ 
ing almost wholly replaced. While this change has been (piite gen¬ 
eral over the country, there seems to be no indication of a turn, at 
least immediately, and careful consideration should be given to the 
general movement in its relation to the more or less specialized 
fields. 

The general status and evolution of horticulture, along with other 
subjects, has its setting in this movement and it may be opportune 
at tins time to discuss briefly the relation between the present status 
of horticulture and graduate work or advanced training which will 
so intimately influence future development. 

General Relations* Undergraduate instriKition has been given 
considerable attention by this Society in its relation to practice and 
the underlying sciences. Further discussion of either undergrad- 
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uate or graduate work introduces the general question of the relsr 
tion of our present organization and viewpoint to the direction or 
emphasis of our efforts in the future. 

To begin with we shall look upon horticulture as a composite term, 
including, in most institutions, pomology, olericulture, floriculture, 
landscape gardening, etc. It is still capable of further division and 
specialization. As our agricultural institutions are organized at 
present, most departments of horticulture are called upon to serve 
in three fields—speaking now from the standpoint of the division of 
activities resulting from the present organization—namely, exten¬ 
sion, teaidung and research. This division of the general subject 
from the standpoint of administration or sulgect matter has been an 
evolutionary development and seems liable to persist for some time 
to come. 

In common with other divisions of agriculture, horticulture has 
expanded, thrown off some satellites and has itself become divided 
and spe(*ialized. With this development the problems confronting 
horticulture have at the same time become more specific and also 
more gcmu'al—more si)ecific in that research has suggested and led 
to differ(*nt phases of every problem, and more general in that the 
present economic temiency toward centralization and standardiza¬ 
tion has also had its influence, in this field. 

Since the broad(ming field has led to a different grouping from 
the organizational standpoint, it follows that specialization in some 
particular phase of the work by the would-be investigator or teacher 
is optional, but at the same time necessary. It follows, also, that, 
since th(‘ most rapid advan(‘ement is made by trained men, the op¬ 
portunity for graduate work must of necessity be developed in all 
lines, i)referabiy eijually. This confronts our departments of horti- 
<julture with some interesting problems, both from the standpoint of 
the development of a gi-aduate viewpoint and sx)irit, as w^ell as from 
the standpoint of organization. 

This introduces the <piestion of institutional, as well as individual 
responsibility, which carries with it the query as to wlietber all in¬ 
stitutions shall attempt to develop well balanced departments in all 
branches of the subject with the consequent expensive equipment as 
well as expensive personnel. Here it is (evident that the discussion 
overlaps the field of organization and administration, but, even if 
our ambitions reach out to this extent ultimately, it will be clear to 
most members of the Society, s(*attered as we are, that the present 
lines of development are closely allied with service and support or 
demand, which in turn result largely from the diversification of the 
industry. 

While it is probably not possible, then, or perhaps at present not 
even desirable, for a parallel uniform development of liorticiilture in 
the various institutions to take place; it is possible and desirable to 
recognize and adopt, as far as our efforts go toward giving instnic- 
tion and training, some well formed standards and ideals as to what 
shall constitute graduate work and also the methods employed in 
giving it. 
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The Yiewpoini. Knowing? something of the work yet eonfroiiting 
research, teaching and practice, our object in offering graduate 
training and instruction shall be to turn out men with a type of 
training whicli will enable them to undertake the solution of these 
problems intelligently. It is generally recognized that horticulture 
is an art and that resean^h in this tield is largely tin* application of 
science. This should be given even more re(*ognition and tMiiphasis 
in the future than in tlu^ ])ast, for upon su(*h r‘e<*ognition much of 
our teaching pra<dice receives dire(*tion and from it we get a (ilearer 
idea of the two main efforts of our instruction and training, namely, 
(a) familiarity with the materials and (b) familiarity with the un¬ 
derlying s('i(‘nces. It is her(‘ that, a j>rovisional distinction can be 
made betw<^en nndergraduat(‘ and graduate* work. Our depart¬ 
mental efforts in undergiaduatt* instruction ai‘e chiefiv diret*t(‘(l to¬ 
ward giving tile student a knovvl(‘(lgc of hoi t i(*iiltural matei'ials and 
methods, h‘aving it to otlnn’ d(‘partnients, su<'h as liotany. chemistry, 
])hysics, etc., to fill in vith tin* und(*rlving sciences. AVliat shall our 
attitude b(‘ toward the gi-aduate work.’ Siuill it ])e mainly re(|uir- 
ing furtin*]* familiarization wuth tin* same oi* oth(‘r mat(‘rials, or 
something <*lse? This (jUestion is fundamental and no doubt will be 
ans\v<‘red in many diff(*rent ways, a(M*ording totije vi(‘W'point which 
is gained by f‘X])erienc(‘ and training. 

It will Ih* advisable l)i‘fore giving tin* answer to recogni/i*, or at 
least to state, oth(‘r (considerations. (1 i Tin* object of graduat(* work 
differs from und(*rgraduat(‘, in that the graduate student gent‘rally 
has a well delin(*d id(*a of the ti(*ld Ik* int(*nds to <‘nt(*r and (* 00 - 
S(H|uently is ivady for sp(*cialization. {2‘ The graduati* student is 
re(]|uir(*d to carry for'ward soim* r(*sea!<ch probh'ni to comjdetion and 
to d(‘\elop his ability to handle sci(*n1iti(‘ imdhods and faids. Cer¬ 
tain advaiK'ed coui*S(*s an* ]»rescribed and re(|uire(l. but tin* (chi(*f (‘in- 
jihasis is placed u])on tin* ability to do ind(*j)(‘ndent, const riu'tive 
work, in tlu* us(* and ap])li(*ation of the fun(lam(*ntal sciinn-es. 

rier(‘in, th(*n, lies the answer: tlraduate work in hortimilture 
(Kuisists of instruction and training in the ap]>li(*ation of the und(‘r- 
lying s('ien('es to the })]*obh*ins arising out of the* (odtivation of 
e(*on()mi(* fruit-bearing plants or tin* disposition of the produ(*t. 
This presupposes a know’l(*dge of horticultural materials, using this 
term in a broad sense, and also of the scit*n(*(*s. To ajiply a s(*ience 
it is neitessary to kriow^ it. 

Taking this view\ then, toAvard graduate wmrk, it will la* clear that, 
while tin* materials of horticulture vary in different se<*tions of the 
country, owing to (*limate and adaptation, the fundamental tiaining 
in the scienc(*s necessary to deal with the })roblems which arise, re¬ 
mains much the same. Here then in graduate work, the <*ountry 
over, we have a constant —scientific* training—and even though the 
student is trained in one section, by means of the fundamental 
sciences, it is only necessary in taking a position in another section 
to be(K)me familiar with the materials, which alone, however, cannot 
be I’egarded as graduate work, but whi(*b can be easily acicomi)lished 
after having been done for one region. 
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1 rehminary 1 raining for Graduate Work. In some of the papers 
read betore this Soeiety eni].)hasis lias been placed upon the Jack of 
unijornnty existing in tlu* horticultural instruction given under¬ 
graduates. Plus (‘onditioii has its bearing upon graduate work in 
that the und(*rgraduate instruction in liorticnilture (constitutes the 
preliminary training ofc* most students who specialize in this subject 
and tak(‘ advanced training. 

I he cliiet eni])hasiiS in the teachirig work with undergraduates has 
been and will h(‘ direeded toward training men who enter the coni- 
mer(*ial work. Mucli of tins instruction has })(*en primarily of a 
manual ()J‘ 1ra(i(» nature. Smdi instruction, of university grade, can 
nn^st eh(M*ti\’ely be giv<*ii from the standpoint of the scienc 4 ‘s iinder- 
lying it, (‘Vtui to those stiuhuits who plan to enter the (*ommercial 
^York. Hut what distinction, if any, sliall be made in the course, 
particularly the junior and S(*iiior years, lietwetm the training giveji 
to those students who inten^l to enter the ccmnmu’t'ial work and those 
who ent(‘j‘ teaching or research? Tins (piestion is asked primarily 
from the standjioint of the preliminary training given to those who 
will take advanced training with the intioition of specializing in 
hoidicuHural n^search or teaching. 

Our tt-aching efforts assume thns* ])hases in und(‘rgraduate 
instruction. 

{1 ) train men who (uder tin* jiractic'al or apiiliod work. 

(2^1 To oHer instruction to tlios(' stiuhaits wlio taKc a gcoieral 
cours(» in the aj)])lied subje(ds rather than th(‘ ('lassies. 

(3) To train men who (*nter horluniltural work from tin^ stand¬ 
point of teaching, research, or extensiem. 

It is with tlu' lattiu* (dass that a\(' are jirimarily ini ('rest (h 1 from 
the graduate standpoint and particularly those who enter tt^aching 
and r(‘search, y(d niuch <'an lie said of tin* training of tlu‘ first two 
groups. 

Since tin* tea('h(*j* in horticulture generally does and should carry 
some r(\search and the resear(‘li man soim? tea('hing, tlu' close illa¬ 
tion ])(‘tv\(‘(*n th(‘ two ])hascs of the work is (*vident and needs no 
emphasis luur. Tlaw are mutually stimulating and enlightening, 
consequently we need make litth‘ distinction, if any, hetwe(‘n the 
undergraduate instruction for the prospective teacher and the 
investigator. 

At hest only gcmeral stattmients can he mad(* which will be in 
a(*cord with the experieiu'e of any niimlier ol institutions. Whih' 
mu(*h attrition lias been given tlie proper mixture ol theory and 
praetice for the undergraduate*, and we should give full value to the 
past expcrien(*t*, yet, after all the time element may indieate a differ¬ 
ent course in the future. It wouhl certainly seem desirable for the 
student who ean see Ids course, beyond his undergraduate days, to 
get the liest training jiossible in the sciences, with special emjihasis 
upon taxoiiomv, plant physiology, ecology, cytology, chemistry, 
physics, econoTnies, genetics, languages, etc. Emphasis can be 
placed upon llie botanical phases of horticulture by the instimctor 
after the student has gotten a working knowledge of botany. The 
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weakness of most of our horticultural students has been in the 
fundamental sciences, particularly botany, and too much emphasis 
can not be given to these subjects within the time limits of the cur¬ 
riculum. With a proper grounding in tlie sciences, the applied work 
and studies of horticultural materials becomes easier. 

The main point to be made with reference to the undergraduate 
training of students who intend to enter teaching or resear(di is that 
greater emphasis needs to be placed upon the sciences. If this is 
done the stiulent will not enter upon his graduate work with a 
handicap, but with a w orking knowledgti of the forces and facts with 
which he is expected to deal. 

The Laborafory Mifhoih Emphasis must ])e placed upon the 
laboratory method of investigation*, using this term in its broadest 
sense. Its continuance will accomplish for horticulture what it has 
for the other allied fields and the sciences from which it has been 
adapted, l^y means of the laboratory method graduate students 
wdll l)e(‘ume more efficient with methods and apparatus and in time 
wdll acquire confidence in procedure and greater adaptability, which 
make easier a clear insight into the methods and proof of S(den<*(‘. 

Much of horticultural I’esearch can l)e undertak(‘n by adopting the 
apparatus and methods of botany, especially ])hysiology and ecology, 
chemistry, physics, etc., and the student investigator will gain much 
by a familiarity with the apparatus and methods of these sciences 
to be had by taking the proper courses in these underlying sciences. 
The use of these methods, howxwer, will be greatly facilitated by 
familiarity with hoHicultural materials, which must be obtained 
from personal contact, the same as (‘onfidence in the use of 
apparatus. 

Training by the laboratory method is wiiat can be called a prac¬ 
tical training, if w^e are to understand a practical training as one 
which will enable a man to fit into his environment, to see into the 
problems confronting the industry" in his particular locality and to 
carry forward fundamental research. Huch training should enable 
the student to ('arefully weigh results and evidence from the stand¬ 
point of their bearing upon truth and proof. 

In emphasizing the ai)plied or so-called practical work in horti¬ 
culture, it must not be forgotten that training alone in this does lit¬ 
tle for those wdio enter the research w^ork because the well trained 
investigator must know the applied or practical phase of the sub¬ 
ject plus a thorough working knowdedge of the fundamental under¬ 
lying sciences. In other words it is necessary to know both the 
materials and the underlying sciences. Graduate research, as well 
as station research, carried forward with this viewpoint, even though 
in an applied field, will mean as much scientifically to the worker as 
the pure science subjects. 

Relation Between Graduate Work and Station Research, The 
relation of the station men, or the men engaged in research work, to 
graduate work should not be overlooked. While the organization in 
the different stations and colleges renders this relation variable and 
in some prohibit the station men taking any part in graduate work, 
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yet, in most instances, men engaged in research work, whether their 
chief emphasis be placed upon this or upon the teaching, will profit 
by giving some attention to the direction of graduate students. 
Graduate work given in an atmosphere of research is elfective and in 
most instances greater emphasis will be placed upon dealing with 
the facts of the fundamental sciences. 

In those institutions where an intimate relation between gradu¬ 
ate research and experiment station research (^an be maintained, it 
will, in most (tastis, be beneficial and stimulating to both. This rela¬ 
tion will of necessity, owing to the time element, have to be limited 
more to minor j)rojects, or, subdivisions of larger pro,iects. Many 
projects of the station (‘an be carried forward as thesis problems and 
worked out well vvithin the lime limits of either of the advanced 
degrees. Public^ation of the results, either as a station bulletin or 
ill some journal, can be easily arranged with proper credit to all 
parties (ioncerned. 

From a number of standpoints this arrangement is desirable. 

(a) Some projects can be (‘ompleted quickly at small expense. 

(b) The prospective specialist is given an opportunity to ivy his 
hand in his chosen field, (c) The results serve as a good index to 
the future promise of the student and can ])c used as his best 
recommendation to other institutions in securing a d(‘sirable posi¬ 
tion. (d; Incidentally the type of work done by graduates stinlents 
is a good rm^asure of the training and viewpoint of the department 
in wdiich the work is done. 

Factors Influencing (rraduale Work, There are some influeimc^ 
oi)erating at pr(is(‘nt whi(‘h will assist much in raising the standard 
of graduate work in horticudture. Among these may l)e mentioned 
the ndations of the* de]>aHmenta of- hortitmlture to the graduate 
school. Ill many of the larger institutions at least graduate work 
comes under the jurisdiction of a well organized graduate school 
with the result that it is often necessary to broaden the viewpoint 
and raise the standard, since the work given must l)e comparalile to 
that given in the older s<'ientific departments. 

The general movement toward greater and more extensivtj activ¬ 
ity in agricultural extension at present will increase the demand 
for reliable information along all lines, which can be taken to the 
practical worker. This will tend to free r(‘search from this demand 
and at the same time, by emphasizing it, will make pla(*-es for an 
increased number of w’orkers, who wdll naturally be selected for 
their training and experience in research. 

In many lines of horticultural researcdi the nature of the problenis 
confronting the industry are such that s|)ecialized technical train¬ 
ing is necessary for effective work. While men secured to (iarry 
on such research have not always been trained in horticultural de¬ 
partments, vet they bring the training and viewpoint to the depart¬ 
ment of horticulture. This is gaining for horticulture more recogni¬ 
tion for this type of research, as well as training men for it. W hue 
it is not necessary ever to discriminate against the man who d^s 
not have an advanced degree, he, like others, must be measured by 
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his ‘‘performauce record.” The type of man who really takes his 
work seriously and who has the broadest conception of service is 
usually the one who equips liiinself by ineanKS of advanced training. 

On tlie other hand tiu‘r(‘ some factors operating against ])lac- 
ing graduate work in horticulture on a proper basis. Amojig these 
may be mentioned the viewpoint and training of a nuiul)er of men 
with the so-called i)ractical viewpoint and tiaining who have little 
sympathy for technical training or researc'h and who, conscipiently, 
do not foster either this viewpoint in their diqiartments or tolerate 
it when introduced. This viewpoint, while in and of itself, cannot 
be condemned, has its chi(‘f influence, however, from its limitations 
and is perhaps nion* ap])licable to extension than to eithm* teaching 
or research. This ullra-jiractical viewpoint is not often guided or 
directed by the results of research. While it will be nM'ogiiiziMl that 
this training is valuable in certain fields, it has not justitit'd itscdf 
wdien placed in (-haigf- of departments or in the direc'tion ot re 
sear(*h. In fai't, imu'ii of the <'onfusion in our t('a(*Jiing and ]'esea]‘cii 
is a result of the lat'k of vision, in nuui of limitinl training. 

In conclusion th(‘n, it will lie found that when mucli of ouj- jiasl 
research is worked ovt'C in the liglit of mwv imdhods ami training in 
many cases, no doubt it will he fouml wanting. From tiu* tcaciinig 
standpoint it has lieen diflieuH for tlie t(^a(‘her to draw' heavily ou 
the results of res(^ar(‘}i in horticulture as ean h(‘ done in many otinu* 
fields. This has no doubt madi‘ it possilHe, if not necessary in soim^ 
instances, to jilacc undue emphasis upon tin* ajipilcd oi* praclical 
phase of the subject, (‘specially w’here tln‘ sul)j(‘(‘t has Ixhmi unm‘c(^s- 
saril^' subdivided into (‘ourscs, leaving the studmit with the tacit 
impression that r(*s(*ar('h and fads in horticulture are at h'asj dif¬ 
ferent from some other subjects with which lie is familiar. This eori- 
dition only s(‘rv(*s to (‘inphasiz(* th(‘ m‘(‘d of (taitd'ul training ami 
s(?ar('h in tla* future. 

Wc cannot assuim* in four y(*ars of und(‘rgradufit(‘ work ami om* 
or three years of graduate work to give a student all tiier(‘ is to be 
gotten ill the way of training ami vi(‘Wpoint. Aft(‘r t}u‘ d(‘grees are 
taken, still then* is much to Farn and a woulddie teaciuu’ or iiiv(‘sti- 
gator is yet eonfrontial w ith the proposition of making good. Wliih* 
it may be necessary for the student, upon taking a jiosition, to limit 
bis activities to a rather narrow Held, it slmuld not l)(‘ ne'M‘Ssarv for 
him to narrow' his synipatiiiesbr view’point. ITis interest in the 
larger problems should la* maintaiiKHl, along with that in tlu; nar¬ 
rower field. His usefulness fo his insfitution and his value to his 
science are largely dc1(*rmin<‘(l by the ability to grow* and broaden 
scientifhially. 

Confldenc(‘ and poise in S(*ientific work are only gained after long 
years of training and (*xperience, but we shall have gone far tow^ard 
placing the student in a position to make good if he is given the right 
viewpoint toward and the right (ionceptiori of, the fi(dd he is to enter. 

Finally, emiihasis must he placed again and again upon funda¬ 
mental training, as w^eJl as upon a knowledge of the material. 
Science, truth and proof are just the same in the applied fields as 
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in the pure sciences and tins should be made clear to every gradu¬ 
ate stiulent. When full recognition is given to this, research will 
mean just as much scieiitihcally in the applied fields as in the pure 
sciences, and tl)e weakness of one-sided practical training will be- 
com(‘ more and more api)arent. 

RECENT WORK WITH ‘^VITIS VINIFERA” IN NEW YORK. 

Tiy V. Hedrick, Experiment Station, Geneva, S, Y. 

I need only nunind this audieijce of tin* many efforts to grow 
Europc^an grapes in Airu'rica. The various attempts, some involving 
individuals, otliers corporations and in early days even colonies, 
form some of tla^ most instructive am! dramatic episodes in the his¬ 
tory of Ameri(*an agrieultui-e. All end(‘avors, it will be r(*membered, 
W('re failures, so (lismally and ])athetically co]n]>lete that we are 
wont to think of the 200 y«‘ars from liie first sfdllements in America 
to th(‘ introduction of tlx* Isabella, a nativ*% as time* wasted in futile 
culture of a foreign fruit. Tlie early (‘fforts w(*re far from wasted, 
liowev(*r, for out of the tribulations of two centuries of grape-grow¬ 
ing came Ibe dom<‘stication of our native gTa[)es, one of tht' most 
remarkable and one of the noblest achie\ein(‘nls of agriculture. It 
is possible, too, tliat wi* may find that the fnilur(*s of the fathers of 
Atn(*ri(*.au viticulture are tlu* foundations for the sueeess of the sons. 

Tlie advent of Isabella and (hitawba whol]\ turned the thoughts 
of vin(*yardists from Old World to New World gra]>os. So cora- 
j)l(‘t(*ly, indetMl, wt*re vitieulturists won by the thousand and more 
iia1iv(* grapc's that came troof>ing in tliat for the C(*ntury which fol- 
low(‘d no one* has i)lanted ()ld AVorld grapt‘s east of the Rockies, 
while viiH‘yar(ls of native s])(*ei(‘s may be found North and South 
from the Atlantic to the Paeiih-. 

Meanwhilt*, tniK*!) tu‘w kjiowledgt* lias eona* to agrieulture, old 
fallaci(*s have had many hard kmx'ks and chains of tradition in 
wliiel) th(* eultun* of ])laiits were bound. liav<* been broken. In no 
field of agrieulture bav<* workers receivial gr(*at(*r aid from science 
than in vilieiiltiire. Particularly this is true of tin* diseases of the 
Adne. The reports of the old experimeiitc^rs wer(> much the same, ‘‘a 
sickness takes hold of the vines and they die”. What th(* sickness 
was and wludher there were preventives or remedies no one knew a 
bundr(‘d years ago. But Ave have learui‘d something about the ills 
grape flesh is beir to, with preveutiA’^(‘S and remedies for tin', same. 
We know that the earl\" Aune-groAvers failed in juirt at least because 
they followed empirical European practices. Is it not possible that 
in the last hundred years we ha\^e advanced sufficiently in our 
knowledge of plants, soils, insects, and fungi, and that by breaking 
away from European dietums we can now succeed in growing Vitis 
vinifera in eastern America where old experimenters failed? The 
Gkmeva Experiment Station is putting this question to test, with 
what result I am now to tell. 
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In the spring of 1911 the station obtained cuttings of 101 varieties 
of European grapes from the United States Department of Agricul¬ 
ture and the University of California. The object was to obtain 
European varieties to hybridize with American grapes. I hasten to 
say that at first there was no thought nor plan to experiment with 
these grapes as a cultivated crop. The cuttings obtained were graft¬ 
ed on the roots of a lu'terogeneous collection of seedlings five years 
set representing a half dozen species of Vitis and hybrids between 
them then growing on the station grounds. These stocks had little 
to recommend them except that all were vigorous, well established 
and all were more immune to phylloxera than the Old World varie¬ 
ties. From four to six grafts of each of the hundred varieties were 
made and a stand of 380 vines resulted, the pt^rcentage of loss being 
exceedingly small. The success in grafting we believe to be due to 
the method used, one the value of wdiich had been proved in pre¬ 
vious work on the station grounds. 

In grafting the earth was removed from the plants to a depth of 
two or three inches. The vines were sawed squarely off below the 
surfaces of the ground. The stock was then split for a cleft graft. 
Two cions were insert(?d in each cleft and tied in place with waxed 
string. Grafting wax was not used, the wax being worse than use¬ 
less because of the bleeding of the wounds in the stock. The earth 
was then replac(*d and enough more of it used to cover stock and 
cion to prevent evaporation from them. This method of grafting is 
available to those who have old vineyards. Tt is so simple that the 
veriest tyro can thus graft grapes. Wen^ young plants or cuttings 
used as stocks some method of bench-grafting would, of course, be 
resorted to. 

The cultivation and spraying have been precisely that given native 
grapes. There has been no codling of vines.* The fungous diseases 
which lielped to destroy the vineyards and vexed the souls of the 
old experimenters have been kept well in check by two s])rayings 
with bordeaux mixtun^; the first application was made just after 
the fruit set, the second wlien the grapes were two-thirds grown. 
This year, 1914, a third spi*aying with a tobacc^o concoction kept 
thrips in check. Phylloxera is present in the vineyard but no one 
of the varieties on the resistant roots is appreciably suffering from 
this pest. It need hardly be said that the immunity to phylloxera 
secured by grafting is the (diief reason for the su(*eess we are hav¬ 
ing with these grapes—undoubtedly this pest was the chief cause 
of the early failures. The stocks used in the present work are not 
those best suited either to the vines grafted on them or to resist 
phylloxera, Un(|uestionably some of the standard sorts used in 
France and CaJifornia from Vitis riipestris or Vitis riparia, or hy¬ 
brids of,these species, would have given better results. From 
theoretical consideration it would seem that the Vitis riparia stocks 
should be best suited to the needs of eastern America. 

It was thought by the old experimenters that Vitis vinifera 
failed in the New World heciause of unfavorable climatic conditions. 
It was said that the winters were too cold and the summers too hot 
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and dry for this grape. During tlie few years the Station vineyard 
of Viniferas has been in existence we have had stresses of all the 
kinds of weather to which the variable climate of New York is sub¬ 
ject. Two winters have been exceedingly cold, killing peach and 
pear trees; one summer gave us the hottest weather and the hottest 
day in twenty-tive years; the vines withstood two severe summer 
drouths and one cold, wet summer. These test seasons have proved 
that European grapes will stand our climate as well as the native 
varietic^s except in the matter of cold—tliey must have winter 
protection. 

lo growers ot‘ Ameri(*.an grapes the extra work of winter jirotec- 
tion seems to be an insuperal>le obstacle. The experience ot* several 
seasons at (jejieva shows that winter protection is a cheap and sim¬ 
ple matter. Two methods have been used; vines have been covered 
with eartli and others wrapped with straw. The earth covering is 
the cheai>er method and tlu^ more efficient. The vines are pruned 
and placed full length on the ground and covered with a few inches 
of earth- The coat of winter prolection will run from two to three 
(ients per vine. Since tlu‘ European vines are much more product¬ 
ive tlian t]}ose of the Aimndcan grapes the added cost of winter pro¬ 
tection will be much more than offset by the greater yield of grapes. 
Trellising. too, is simpler and less expensive for the European 
grapes, helping furtlier to offset the cost of winter protection. 

It is apparent at once that European grapes must have special 
treatment in pruning if they are to he annually laid on the ground. 
Several modifications of European and (hilifornia practices can be 
used in the Ea'st to bring the plants in conditions for winter laying- 
down, All methods of pruning must have this in common; new 
wmod must he brought up from the base of the plant every second, 
third, fourth or fifth year in order to permit the bending of the 
plant, in our experiences we have no difficulties in so training the 
vines. Hriefly, we have maintained for each vine two trunks, one 
old, the other young, which we have carried up to or just below the 
first wire in a*twT)-wire trellis system and from each of these trunks 
we have trained a cane hearing from four to eight buds to right and 
left on a lower wire. The hearing shoots that grow from the buds 
on these canes are lied to the second wire. In a commercial vine¬ 
yard, depending upon the varieties, our simple method might be 
modified in many ways to meet conditions. 

The grower of European grapes grafted on ATneri(*au vines may 
be prepared to be surprised at the growth the vines make. At the 
end of the first season the grafts attain the magnitude of full-sized 
vines; the second season they begin to fruit more or less abundantly, 
and the third year they produce approximately the same number of 
bunches as a (Concord or Nias^ara vine, and as the bunches ot most 
varieties are larger than those of the American grapes the yield, 
therefore, is greater. The European varieties, too, may be set more 
closely than the American sorts since they are seldom such rampant 
growers. 
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It is quite too soon to reason from this short experiment that we 
are to grow varieties of Vitis vinifcra eoinmoiily in New York, but 
the behavior of tin* vines on the Station grounds seems to indicate 
plainly that we may do so. At Geneva tlie European varieties are 
as vigorous and thrifty as American vines and quite as easily man¬ 
aged. Why may we not gro\v these grapes if we protect them from 
phylloxera, fungi and cold 1 In Europe there an^ varieties oi* grapes 
for nearly every soil and condition in tlu^ southern half of the Con¬ 
tinent. In Eastei'ii Europe and Western Asia the vines must be 
[)roteeted just as we shall have to protect them Inue. It seems al¬ 
most certain that from the many sorts s(‘l(‘<‘tt‘d to meet the various 
conditions of Europe we shall be able to tind kinds to meet the 
diverse soils and (dimates of this continent. And here, l)y the way, 
we have one of tin* (diief ri^asons foi wishing to grow’ these grapes— 
that American grape-growung may not be so localized as it now is. 
Probably w’o shall tiinl that European grap(‘S can be grow'n in more 
kinds of soils and umler more various conditions than can our native 
vari(‘ties. 

Th(' culture of Vifis riniftra in the East gives us ess(‘ntially a 
new fruit. If any considerable degree of success attends their 
<*ulture tlien wine-making in Eastern Ameri<ia wdll be revolutionized 
for the European grai)(*s are far vSuperior to the native sorts for 
this purpose*. Vari(‘ties of Vitis vimfiva have a inglier sugar and 
solid content than do those of the American si)pcies and for this 
reason as a rule k(*(*]) longc^r and we may thus (‘xpect that through 
these grapes the season for this fruit will lx* extended. The Euro¬ 
pean varieties are better flavored, possessing a more {h*licate and a 
richer vinous flavor, a more agreea!)le aroma, and are lacking in the 
acidity and somewhat obnoxious foxy taste of many American 
grapes. Consumers of fruit will like them bed ter and the demand 
for grapes w ill thus be iucrease<i. 

The advent of the European gra])e in the vineyards of East(irn 
America ought quickly to bring about splendid varieties of liybrids 
between Vitis vinifrra and the American spe(des of grap<*s. As all 
know, we have many such hybrids but (uiriously eriongb scan^ely 
more than a half doztm varieti(*s of Eur()[)ean grapes have been 
used in crossing. ]\Iost of thes(* have been greenhouse grapes and 
not those that could be expected to give best r(‘sults for vineyard 
(Uilture. As we come to know the varieties best adapted to American 
conditions we ought to be able to s<*hMd b]uropean parents to bet¬ 
ter advantage than w<‘ have done in the past and thus produce 
better hybrid sorts. 

Prom the eighty-five varieties of Viiis vinifern now fruiting on 
the Station grounds we may name the following as worth trying on 
a larger seal(^; Aetoni, a table grape; (^hasselas Golden, for the 
table; Cinsaut, for table or wine; Feber Szagos, another table sort; 
Kuristi Miei, for the table; Lignan Blanc, a very early table grape 
and one of the best; Mantuo de Pilas, Muscat Hamburg, Pinot Gris 
or Riilander, three of the best table grapes; Poulsard, a wine and 
table grape; Palomino or Listau, a table and wine grape; Rosaki, a 
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table grape; Sultanina Rosea, a seedless table sort; and Teinturier, 
Petit Syrah, Franken Riesling and Zinfandel, all wine sorts^ 

I have briefly set forth the essentials of the work with Vitis vini- 
fera in New York but f shall have missed an opportunity if this 
simple statement of faets ends here. Permit me to suggest several 
phases of the work in need of careful experimental attention. 

First, it is imperative that we know raon‘ about tlie adaptation 
of Europea.n varieties to American conditions. More than a thous¬ 
and varieties of grapes an^ grown in Europe and Asia but feW 
of which have be<‘n tried in Eastern America. Those most promis¬ 
ing for the different states sliould be carefully tried out. 

Second, it is very certain that we shall have to grow European 
grapes on American stocks. We must determine experimentally 
wdiat stocks are best for Eastern America; here the experience of 
European coujitri(‘S and C'alifornia will he most lielpful. 

Third, a great ohstaeJe in the way of growing European grapes 
in this rc'gion is tlu* dif(i<*ulty in getting a good stand of grafted 
plants. I'ossihly we shall have to modify the methods used (dse- 
wherc and to dt‘1ermine whieh will he Ix^st for ns we must do experi¬ 
mental work in grafting and propagating. 

Fourth, European varieties will he differently affected by fungi 
and inse(ds than are our native sorts and it is possible that we shall 
have to itiodify renH'dial tr<‘atim*n1s of pests for the foreign grapes. 

Fifth, there is a tr(‘mend<ms field for phnit breeders in hybridiz¬ 
ing European and American grapes. Tlie half dozen Europ(‘an 
sorts tliat have b(‘<m used in hybridization are for most part 
thos(^ that would be least expected to give goo<l results, namely, 
greenhouse graj>eK. It is probable that the Ameru*,an grapes of the 
futun^ will he J0uro])(^an grapes with a dash of Ameri(*an blood in 
th(‘m. Plant breeders hav(‘ a wonderful opportunity to breed 
grapes despite tin* fact that more work lias been done with this frnit 
in the i)ast hundred years than with any other. 

In conelusion let me exhort those of you who have the oppor¬ 
tunity to carry on (experiments with Enrop(‘an grapes. The work 
to be done is so vast that we (cannot make an appreciable showing 
unless the task Ix' divided among a numlx^r of workc^rs. If horticul¬ 
turists in the difT(U*ent stations will but concentrate on particular 
problems in the culture of Viiis vinifera, sifting the experieuee and 
knowledge of the world in regard to them for use under our condi¬ 
tions, it is almost (‘ertain that we can successfully grow some Euro¬ 
pean grapes in Eastern America. Here, it seems to me, is a splendid 
opportunity on your part and mine to serve pomology. 

METHODS AND RESULTS IN GRAPE BREEDING. 

By R. D. Anthony, Experiment Station^ Geneva^ N, Y, 

Grape breeding was first begun at the Geneva Station about 
twenty-five years ago. During this quarter century many mem¬ 
bers of the Society for Horticulture Science have assisted in the 
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work. Goff, Beach, Hedrick, Paddock, Close, Booth, Alderman^ 
Dorsey and Wellin^oii have at various times been responsible for 
the planning or carrying out of the various projects and during the 
last year the task of the speaker has been mainly, as Professor 
Hedrick would say, the sugaring-off of the sap they have gathered 
with such pains and effort. 

Breeding Methods. 

During these many years much has been learned i)y bitter experi¬ 
ence and possibly a review of a few of these points may lielp others 
who are in the same or similar work. Probably the most important 
of these has been the (diaiige in the point of view of tlie work. The 
ultimate aim is, of course, the production of improved horticultural 
varieties. Through the early years when the knowledge of breeding 
laws and methods v\ as more limited than now, this was not only the 
ultimate but, to quite an extent, the immediate aim of the investi¬ 
gators and the seedlings were usually subjected to a weeding-out 
process which seriously decreased the number of eacdi cross planted 
in the test vineyards and made the interpretation of results ditticult. 
Twenty years of seeking for new varieties by means of hundreds of 
crosses produced but one worthy of naming. This, together with a 
much better understanding of breeding fundamentals, lead to the 
conviction that the goal would be reached quicker by forgetting it, 
for the time being, and bending every effort to the discovery of those 
laws that underlie the inheritance of grape (‘hara(*ters. 

This change of viewpoint has resulted in almost a complete change 
of methods. The work is now' developing along tw'o lines; first, a 
study of the progeny of a large number of parental varieties to 
determine the potential heritage of these varieties and to discover, if 
possible, the existence of unit characters; and second, a careful re¬ 
view of all our breeding data to find and interpret breeding 
phenomena and the making of further crosses to clarify doubtful 
points. 

One of the surprises in the study of varieties was the failure of 
so many of our commercial sorts to transmit desirable qualities to 
their progeny. Our bcvSt results have been secured from such little 
grown varieties as Ross, (Jollier, Mills, Jefferson, Diamond and 
Winchell. This makes it desirable to test all varieties that show any 
promise. The attempt to study as many varieties as possible has 
led us into a serious mistake in metliod. AVe have had that failing 
which seems common to most experimenters, we have tried to do 
more than could be done well. Plant breeding conclusions drawn 
from a small number of seedlings are at best of but doubtful value 
and this is especially true when we are dealing wdth so many factors 
as in our work with Vitis. A thousand seedlings from ten crosses 
are worth infinitely more than the same number from one hundred 
erosses. From a breeding standpoint, we have wasted half out time 
by growing too few seedlings of most of our crosses. 
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When a variety is self fertile the growing of pure seedlings great¬ 
ly simplifies the study of its breeding potentialities. The Station 
has grown over two thousand such seedlings. These have aided 
much in our study of varieties and have thrown light upon the in¬ 
heritance of various factors but they have been so uniformly lacking 
in vigor as to lead us to believe that selfing must be abandoned when 
we aim to produce improved sorts. 

Our methods in the actual work of crossing are, I think, common 
to those of most breeders. The female blossoms are emasculated be¬ 
fore the calyx cap splits off and are then bagged; the male blossoms 
are also bagged before the calyx splits. When the pollen is ripe, the 
bagged male cluster is usually cut from the vine and all or part 
of the cluster brushed over the emasculated female. Usually some 
of the male is enclosed in the bag which is again put over the female 
after pollination. In a few cases where the periods of blossoming 
of two varieties are widely separated, it has been necessary to save 
pollen in clean watch glasses or glass jars. It is customary to dip 
the forceps used in ]>ollination into alcohol with each new variety. 
Uertain results secured last summer would seem to indicate that 
this method is perhaps open to criticism. While emasculating 
clusters of Janesville, we found that although the cap had not split, 
the pollen in the anthers seemed to he mature and, as the anthers 
were ruptured in emaseulating, there was a possibility of self fertili¬ 
zation. Several clusters were eniasmilated and bagged and left 
without pollination. These set nearly the full quota of berries with 
seeds which have every appearance of being viable. In the ease of 
two other vari<‘ties, clusters emasculated and not pollinated ma¬ 
tured a few plump seeds. An instance somewhat similar to this is 
reported by Beach in Bulletin 157 of this Station, the variety that 
time being Mills. This point deserves careful study for if it is 
found that serious danger of self pollination exists before the calyx 
cap is split, it will he necessary for us to change our methods—at 
least to the extent of doing the emaseulating several days before the 
cap splits. 

Another change of method w^hich bids fair to he exceedingly im¬ 
portant is in the type of parents selected for crossing. Althousrh we 
are working primarily to determine breeding law^s there is usually 
a wide choice of varieties which answer our purpose. Every indi¬ 
cation points to the desirability of Vinifera blood in our grapes. 
With the growing of nearly one hundred different varieties of this 
species, we have been able to use several of these in our work and 
now have several hundred hybrids growing on the Station grounds. 
These will be increased by many hundreds during the following 
years. 

Resui/ts in Breeding. 

Self sterility. Grape stamens are of two types, those having up¬ 
right filaments and those in which the filaments bend backward and 
downward soon after the calyx cap falls off. The stamen type seems 
to be correlated with self fertility and self sterility. Beach found 
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that only those varieties with upright stamens were capable oi‘ pro¬ 
ducing marketable clusters when self fertilized and, from later 
work at the Station, it is probably saf(' to say that all varieties with 
upright stamens are self fertile though jiossihly in varying degrees. 
Reflexed stamens are always correlated wdtli complete or nearly 
complete self-sterility. From a horticultural point of view, then, the 
problem before us is the elimination of the reflexed forms since stdf 
sterile varieties will always he at a disatlvantage. 

From many hundreds of seedlings we find that, when varieties 
with reflexed stamens are crossed, the progeny have upright and re¬ 
flexed stamens in the ratio of 1 :1; when refl(‘xed varieties are 
crossed with upright varieties, the ratio is again 1 :1 ; when u])right 
varieties are crossed, in over a thouaml seedlings, the* ratio is 4.3 
upright to 1 refI(‘X('d and apparently none of our upright varieties 
has proved pure for upi'ightness. Although W(* have crossed up¬ 
right varieties by reflc'xed varieties many tiim*s and should have had 
hundreds of seedlings of this cross growing, hut one plant has sur¬ 
vived th<‘ vi(dssi1udes of the seed bed and nursery to })e planbMl in 
our lest vineyard. In the last live years, lifty erosses have yit'hied 
600 se(‘ds and now in our nurseries from these we have ])nt 1\\(‘nty- 
five se<‘dlings living. The cause of the nearly eompIet(‘ faiinr«' of 
this cross is an eniguja. From these resulls it would s(‘(mi that at 
present wo have no way of eliminating ndli'xness. We may. Ijow- 
ever, kee[) down tln^ projKirtion of ret!e\e<l varieties by crossing 
among the upright sorts. 

Thi hihtriianv( af Sex. The inherilaiu'e of pun‘ males is int(*r- 
esting. L(‘ss than om* hundred males have beem found in over 6.0(10 
seedlings on tlie Station grounds. Of these we have complet(‘ 
records for but sixty-two. Fifty-one of these sixty-1 w’o have eome 
from crosses in which the pollen parent was a ])ure male. This 
leaves eleveii males re(‘ord(‘d as produced by i)ollen from hoi'tiia- 
phrodit(* ])lants. Five* of these came from one cross, tlie otiier six 
from five crosses. These six wen* jirobably f(*mah*s, erroneously 
recorded as males, an error very easy to makt.*. Pi*oba])ly the parent 
yielding the five mah‘s w’^as an interme*diate recorded as a r(*male. 
Such an intermediate, having both male and lu'rmaplirodite lilos- 
soms, has be^m under observation on the Station grounds and its pol¬ 
len seems to behave as the polleuof a })ure mah\ In other words, it 
is reasonable to assume that, excluding these intermediate forms, 
pollen from the hermaphrodite plant will never produce pure males. 
"When pure male pollen is used w-e get practically a 1:1 ratio of 
males and females. 

Inheritance of Shin Color. Grape colors are not sharply differen¬ 
tiated and ])(*cause of this our search for pure colors has been greatly 
complicated. So far, we have been able to formulate but two gen¬ 
eral laws, namely, that w^hite is a pure color and that it is recessive 
to both black and red. With but one possible exception, no black 
variety that has been tested to an extent sufficient to make the re¬ 
sults at aH conclusive has proved pure. Some blacks have a factor 
for differei\t shades of red, others seem to contain only black and its 
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absence, white, while still others have both white and red progeny. 
The various shades of red are equali}^ as mixed in their color com¬ 
position, ranging all the way from black to white. 

Size of Bervij. A study of the progeny of a large number of 
parental varieties has failed to sliow (lominanee of any one sixe. 
If A'hmdclian laws enter into tliis problem we must grant that size 
is the i'(*sult oi the interaction of several factors. In no other way 
could we account for the wide* variations even among i)iire seed¬ 
lings. There is, however, a strong tendency for a variety to pro¬ 
duce a population whose mean value is approximately that of the 
variety. Thus as we go from crosses involving large berries to those 
of small ])ernes there is a steady decrease in th(‘ value of tlie mean 
from above medium to sinall. 

Form of lUrrij. We have thnv distinct shapes; oval, round and 
ohlalc, but they blend together through so many intermediates that 
there is no sharj) lim* of deman^alion. The pi'onounced oval shap(‘ 
of many N’inifera grai)(‘S will [)rohabJy he foiuid to lx* a pure form 
nxx'ssivc to the roundness of most of our American grapes. The 
oval form whi(*h we lind in a few natives and in many Vinifera hy- 
lu'ids is probably an inli'nnediate l)etwe(*n roundness and some more 
])ron(iuinxxl oval. It is this latter, less i)roiiounced oval to which we 
refer whmi we use this term in American grape culture. Very few 
grapi^s are distinetly oblate. Om* of the most so is (loff. a seedling 
originat(‘d at this Station. Tlie behavior of ])ure se^xllings of Goff 
would S(‘(‘m to iiulicate that, in this variety at least, olilateness is 
a y)ure form ])r()]iably n'ces.sive to rimnd With th(‘ exi*e])tion of 
oblate, all parental ly})es have given progimv wliose modal e.lass 
falls under round, showing th«’ extmit to wiiiidi this form tends to 
obscure oval and oblate, 

S<asii)i of Hiixnihi). ll(u*e again, vve Imve no aiipareiit indica¬ 
tion of dominant^* of any om* s<*ason. 1^h(*rc is a temhuK-y, how¬ 
ever, for a variety to ivprodiK'e its own season. Thus, (*rosses of 
early varietii's yield se(*dlings whose mod<‘ falls in the (*arly season 
with a mean a little later, while crosses of late sorts give a mode at 
early mid-s<‘ason with the mean soimwvhat later. 

l ')}h( rifiiuce of QunJiijf, We have made ]>arental combinations 
that run the cniin* gamut of quality. The most uolieeable thing 
that shows in tln‘ study of the progmiy from all these eorabinations 
is the very low" j)i‘r(*entage of seedlings whose qualify is good or 
above good, (wen vvlien parents of the highest quality were used. A 
moment’s r<‘f1(‘ction siiows ns that this regression is wimt wn- should 
expect. Our Ameri(*.an grapes, except for the Vinifera hybrids, are 
but a step removed from the wild with l)iit few possessing sufficient 
quality to make tliem stand out from the many thousands too poor 
to be eaten with relish. In breeding from these wo are breeding 
from the topmost point of the species and the effect of the immediate 
wild ancestors is to pull the progeny down toward the level of the 

species. . ^ 

Although only about a half dozen varieties of V. vtmfera have 
been used to any extent for hybridizing, practically every grape in 
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our vineyards which ranks high in quality possesses some of the 
blood of these varieties. The clue to this predominance is evident 
when we consider the history of the species. European grapes are 
centuries removed from the wild and have been subjected to a more 
intense selection than any other fruit. ' ‘ The level of mediocrity 
has been raised to such a point that the species has become a power’ 
ful factor in transmitting high quality. In this connection it is 
well to speak again of the future which lies ahead of the breeder 
who will search out and use those varieties ot* this potent species 
w^hich blend best with our hardy native varieties. Tlie ages of 
selection and breeding in Europe have ileveloped varieties of this 
one species adapted to nearly as wide a range of climate as is c( 
ered by all our native sp(‘cies taken togetlu^r. The field for this 
work is large ami the promise of harvest is good. 

In studying our imre seedlings we find that they are uniformly 
lower in quality than crossed seedlings of varieties of similar 
quality. This loss is probably caused ))y the decreased vigor of the 
pure seedlings. 

Conclusions. 

The time and effort spent upon grape breeding at Gem^va would 
seem to have had but meager reward since, up to this fall, only one 
seedling had been named. Now we have named five very promising 
seedlings and we hope this means that th(» work of the last twenty- 
five years has given us methods and materials out of which in the 
next twentyfive years we may make a substantial addition to viti¬ 
culture in New York. 

A FERTILIZER EXPERIMENT WITH PEACHES. 

By (\ A. McGue, Expcrinu nl Stalion, Sexvark, Delaware. 

This report is given largely because of request and not because 
of the speaker’s im'lination. ! realize that the work under discus¬ 
sion is very incomplete, as the experiment has run but S(‘ven years; 
and a period of seven years is too short a time to accurately gauge 
the phvsiological effects of commercial fertilizers ux)on fruit trees. 

A little over seven years ago the Delaware Experiment Station 
conceivt^d the idea of endeavoring to ascertain the physiological role 
of potash, nitrogen and phosphoric acid in peach and apple produc¬ 
tion. The general plan devised to accjomplish this wms to conduct 
the experiment in two parts. The first part was an orchard experi¬ 
ment to run from 10 to 15 years with peaches and 25 years with 
apples. Tlie se(*(>nd part was a pot experiment with peach trees, 
to duplicate the field treatments and to run 10 years. 

In casting about for a method to grow peaeh trees in pots, we 
found, after a thorough search of the literature, that, excepting one 
small experiment in France, there were no precedents to go by. 
In. using pots, or pits, as perhaps they should be called, it seemed 
necessary to provide for ample room for the tree to develop, so after 
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considering many plans, it was at last decided to construct them out 
of concrete. These pits, 40 in number, were built 5 feet 3 inches 
deep and 12 feet in diameter and drainage was provided by slop¬ 
ing the floor. In ord(T to control as far as possible the plant food 
for the trees, these pits were filled with as uniform and as poor 
a soil as we were able to get; this was building sand dredged from 
the bottom of Delaw^are Hay. The concrete construction work was 
completed during the Autumn of 1908 and the pits were filled with 
sand during the Spring of 1909. In order to allow as much solu¬ 
ble plant food as possible to leach out, the filled pits were left uii- 
planted until the followijig Spring. 

Just before the tr(*(‘s were planted, soil samples w^ere taken from 
each pit and analyzed by tlie station chemist. These soils contained 
from 94.16 to 96.16 per <*.ent of oxide of silica, .420 to .624 per cent 
of organic matter, .009 to .031 per cent of nitrogen, .019 to .180 per 
cent of 1% Or,, .314 to .855 ])er cent of O, .100 to .570 per cent 
of (^aO, .115 to .450 per cent of MgO, .71 to 1.27 per cent of Fcg Os, 
.071 to .580 per cent of Na.O, .98 to 2.53 per (tent of AI 2 O 3 , and 
.034 to .171 p(‘r (*cnt SO 5 . These figures show that the soil was a 
remarkably poor one in so far as soluble plant food was concerned. 
The w idcst variation w^as in tiie amounts of potash and sodium, but 
this was to be expected because the sand w^as of potasli spar and soda 
spar origin. 

*A very uniform grade of nursery-grown Elberta peach trees w^as 
procured and these trees were ])riined alike in both root and top. 
All soil clinging to the roots was carefully washed away and the 
trees w’ere air-dried in tlie shade for about an hour. They W'^ere 
then carefully w^eighed and planted, one to each i)it. Several acci¬ 
dents ]m\i) sine(‘ iia})pened and three or four pits have been re¬ 
planted. Two trees were sav(*d for chemical analysis. Fertilizers 
have been applied ev(*ry year since at the unit rate of 50 pounds per 
acre for each elimient. The various food elements have been de¬ 
rived from nitrate of soda, muriate of potash and acid phosphate. 
Two pits have had their potash allow^an(*-c supplied in the form of 
sulphate. The applications w^ere applied in duplicate. An attempt 
was made to catch and analyze all drainage Avater but it was found 
impractical to do so. Tlie drainage waters from seven pits have, 
however, been saved since this experiment started. These waters 
have been Aveighod, sampled and analyzed. However, the results 
are not satisfactorv’ as it avhs soon found that contrary to our expec¬ 
tations some of the pits Avere leaking, and that severe winters have 
caused others to crack. In vieA\^ of our experience with concrete 
pits, I would advise any of you Avho are considering similar pit ex¬ 
periments to use some other material than concrete. Probably a 
steel alloy such as is used in spray tanks would answer the purpose. 
Our work is faulty also because there is no way of regulating the 
water table in the* pits and this may prove a very serious defect in 

experiments of this nature. .. , 

The trees in the pits have never been pruned. The leaves have 
been carefully collected from each tree each year and analyzed. 
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In fact, vv(* have tried to get a record of every possible place where 
the utilized i^laiit food was hiuilly deposited. So far, we have 
been unable 1o (*ollect the petals, calyxes and dead buds. 

From the siand])oint of crop re(‘ords these* trees have been a dis¬ 
appointment for tliere have been three crop failures due to either 
late frost or low winter tem})eratures, and up to date only two or 
three peaeluis iiave been harvesl(*d oft* the entire 40 tr(*es. 

However, we hav(* duplicated the ])it ex})c*ri]uent with an orchard 
planting and Jiavc* had some very suggestive results from three 
partial crops ol* fruit. Frost, winter temp(*ratun\s, exj)osur(i, and 
air and water drainage, have proven serious disturbing factors in 
our or(*hard work, but, nevertheless, sonn* l■esults are so clean 
cut that we feel we must accept them at their face value 

The orchard exp(U’iment was laid out in a seri(\s of 24 blocks, each 
block being five trees square. In order to guard against the elfect 
of <‘ross feeding from one block to aiiotlier, tin* records hav(i been 
taken from the nim* cent(‘r tret‘S on each blo('k and th(*re havt* been 
seven annual ap])lieations. Of tin* twenty-four blocks, tiv(* are 
checks and haA^e r(M*(*ived no IVrtilizers. The ferti]iz(*rs have been 
used on the unit syst(*m of ]>ounds or nnilti]de of bO ]>ounds of 
each element ])er a('r(*. 

Elfects of (‘ross fe(‘ding have been obs(‘rveil in only one case. i)lo(^k 
10, A\hich is so locat(*d tliat there has un<lou)>tedly b(*(*n some leach¬ 
ing of nitrogen from the block above it. J^lock 10 Ii(‘s in the low'- 
est corner of the orchard and is too w'(*t for best pea(*h prodm^tion. 
All of the ('old air of the ji(‘ld drains on to this block and as a result 
it has suft'ered st‘ver(‘ly from spring frosts and wintei* freezes and 
so far as fruit ])roduclion is con(',erm‘d should be thrown out of the 
calculations. 

Tin* nitrogen used has been derived from nitrate of soda; the 
potash from muriate of ])otash and the plios])hori(*, acid from (*ithcr 
14 or 16 per cent a<Md phosphate. All blo(*ks had an a})plication of 
500 pounds p(*r acre of hydrated lime Avhen the tr(*es Avere three 
years old. The eov(*r <*rop each year has l)een oats. 

All bl(Mfks liave betm pruned and trained as nearly alike as possi¬ 
ble and all prnniiigs from the record trees have })e(*n carefully 
w^eighed. The great(*st <juantity of primings has been taken from 
the blocks receiving nitrogen. 

Careful oliservations have been made of the eff*(*(d of different fer¬ 
tilizing elements upon color. This work is as yet incomplete, but 
our tentative <*-om4usion is that any effect of nitrogen, potash or 
iftiosphoric acid upon color, is secondary. The blocks heavily fer¬ 
tilized with nitrogen have been deficient in (tolor, but this defect has 
been due to the* profuse groAAdh of foliage shutting off the light from 
the fruit. The })otash blocks have had practically the same intensity 
of color as the check block. Theri^ is a suggestion that heavy appli¬ 
cations of pbospborie acid may have a deadening effect upon color. 
These blocks Avhile apparently having as much color as the potash or 
check blocks, have at the same time lacked in sprightliness of color. 
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The ('olor seeiiied to lack life aud character. The effect is hard to 
descril)e in words, I nit J think that you will catch niy meaning. 

In general the health of the trees is characterized by greeness and 
iresliness of ioliage. Idiots that were tr(*ated with nitrogen or com¬ 
binations oi nitrogen and jiotaslj are characterized by their general 
thrii'liness. No diainetin* measureimmts have beefi made from year 
to year as it has been considered that a careful study of the annular 
rings after the trees have been cut dovvn will givii much more 
accurate data. 

The tests for keeping (juality of the fruit from the various plots 
are as yet iucomplet(*, but sucli tests as have been made seem to 
indicate that potash has some beneficial iji iricrc'asing iJic per¬ 

iod ot s()nn(ln(‘ss of the fruit. Ilowevei*, this ]H>int needs further 
testing to confirm it. 

In tim(‘ of rij>c!nng of the fruit we obtained striking results. 
Ih'avy phos])honc a(*i(l a.})plications delayed ripening about two 
days and potasii hastmuMl it one liay. Nitrogen eitlun* in eombina- 
tiori or aloij(‘ delayed ri|)(niing from a W(*ek to ten <]ays. The ]>()W’or 
of nitrog(‘n to retard ri])eni?ig is nnieli strongtn* limn that of potash 
to hast(*n it, so that when nitrogtm and ]>otash (‘omhiiied the 
hasttming etfe{*ts of jxdasli are alniost wholly over-shadowed by the 
r(‘tarding (‘nVet of the nitrogen. 

So far as the etTe('t of f(‘rtiUzt‘rs on the time of blooming is con¬ 
cerned we ])av<‘ se(Mi hut litt!(‘ if any result. Tin* total period of 
bloom is so sliort that th(‘ di{T(*rene(‘s in lilooming dates are minor 
on(*s and might he aeconnted lor hy etlun* reasons. We suspect, 
howevau*, that the eiVeet u])oji the blooming jxn-iod is similar to that 
upon the tlate of matuj'ity, although th(‘ ])r()of of it is not >ot clear. 

We hav<‘ no vf*ry (-lear and detinite results uix)n the time of W’ood 
ripening in the fall for wineli the terminal hud formation has been 
used as a guide. It is gcmerally sup])osed that heavy ap])lieations 
of nitrogenous fertiliz(‘rs would mak(‘ a soft immature wood, but 
our results, though ijieonclusive, would appear to refute tliis view. 
It is probable that the regulation of the soil moisture lias a more 
intimate eouiu’etion with fall ripening of wo(xl and hud than does 
plant food. 

No d(‘finite conclusions have l»oen formed U])on the etfeet of fer¬ 
tilizers on the color of twigs. Light here, as in the fruit, appears to 
be tin* most important factor. 

No w'ork has as yet bemi done ui)on flavor, it being thougiit to limit 
this to fruit grown in the pits. 

From several years’ w'ork in testing out pollen from the various 
blocks we are ineliiK'd to believe that the plant food does have an 
eff<‘ct upon the viability and longevity of ])ollen, but T do not feel 
ready to make a definit(^ statement upon this point. However, from 
some preliminary work in pollinating tlie flowers upon the various 
blocks with i)ollen taken from a tree outside the experiment, 1 am 
inclined to believe that heavy applications ol phosphoric acid have 
a tendency to lessen the set of fruit, but whether Ibis results from 
faults in the mechanics of fertilization of the embryo nucleus or 
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from abnormalities in the embryo sacik, or from mechanical defects 
in style or stigma, 1 am unprepared to say. This point needs con¬ 
siderable further study. 

Table I shows the yields in baskets of fruit per acre from the 
various blocks during the past three years. 


Table [. 


Treat- Yields Per Acre in Baskets. 


Plot 

ineiit 

1912 

1913 

1914 

Total 

1 

K 

348.00 

236.00 

180.4 

764.4 

2 

0 

432.80 

96.50 

313.2 

842.5 

3 


' 708.61 

333.48 

523.8 

1565.9 

4 

P 

410.16 

82.72 

469.8 

962.7 

5 

0 

199.47 

78.52 

225.7 

503.7 

6 

P., 

53.31 

00. 

771.2 

824.5 

7 

o' 

18.43 

43.16 

559.4 

622.0 

8 

KP 

122.31 

348.96 

368.3 

839.6 

9 

N 

171.75 

179.16 

1859.8 

2210.7 

10 

0 

244.20 

80.90 

703.1 

1028.2 

11 

NK 

471.21 

135.60 

2144.9 

2751.7 

12 

NP 

269.83 

.24 

1211.8 

1481.9 

13 

K..P 

7.86 

206.52 

710.6 

925.0 

14 

KNP 

18.33 

231.36 

740.9 

990.6 

15 

KN,P 

206.01 

458.88 

1348.9 

2013.8 

16 

N..K 

526.00 

331.58 

2095.2 

2952.8 

17 

n;p 

556.56 

106.80 

1782.0 

2445.5 

18 

0 

381.79 

1.20 

432.0 

815.0 

19 

NK,P 

57.60 

53.04 

137.2 

247.8 

20 

0 

6.84 

34.80 

252.7 

294.3 

21 

NKP, 

80.22 

520.08 

977.4 

1577.7 

22 

NK,P 

324.30 

478.80 

1226.9 

2030.0 

23 

N,KP 

551.14 

183.60 

1971.4 

2706.1 

24 

NKP.. 

244.40 

21.60 

1671.4 

1937.4 


The most striking fax^t brought out in this table is the effect of 
nitrate of soda upon fruit production. There seems to be little 
danger of over feeding the peach with nitrogen in the form of 
nitrate of soda; what would be the effect of applying equal amounts 
of nitrogen from organic sources I am unprepared to say. Block 
23 has had an annual application of nitrogen equal to about 1000 
pounds of nitrate of soda for the past seven years and has been 
one of our heaviest yielders during the past three years. Block 9 
has had nothing but nitrate of soda for the past seven years yet in 
1914 the crop averaged over nineteen baskets per tree. Blocks 11 
and 12, and 15 with 16 are worthy of comparison since they show 
that nitirogen and potash are the most important elements in the 
peach food supply and that phosphoric acid is relatively 
unimportant. 
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The eifeet of nitrogen is to give dense foliage, prodigious growth, 
a full set of buds, good pollination, a smaller average size and poor 
color of fruit. Many of the bad effects of nitrogen could probably be 
overcome by judicious thinning and summer pruning. As the aim 
of this experiment was to gauge the possibilities of fruit formation 
from different fertilizer elements, we have never done any con¬ 
sistent thinning of the fruit. 

Potash, while a vital element in peach production, must be cou¬ 
pled with nitrogen to give best results. The splitting effect of 
nitrate of soda upon insoluble potash in the soil, may possibly ac¬ 
count for the remarkable results obtained from block 9 although 
acid phosphate is also sup])osed to possess this quality to a marked 
degree. 

The practical results as manifested in net returns i)er acre, after 
deducting the cost of fertilizers are shown in table 11. 

Table IT. 


('ost of Fertilizer 



Treat- 

p(n' 

Total Gross Receipts 

Net Receipts 

Plot 

immt 

Acre for 7 yrs. 

per Acre 3 crops 

per Acre 

1 

K 

$ IT-.IO 

.$ 587.20 

.<1! 569.70 

2 

0 


577.60 

577.60 


K„ 

35.00 

1125.90 

1090.90 

4 

P' 

17.50 

624.90 

607.40 

5 

0 


340.65 

340.65 

6 

P2 

35.00 

425.58 

390.58 

7 

0 


336.68 

336.68 

8 

KP 

35.00 

625.34 

590.34 

9 

N 

59.50 

1237.87 

1197.37 

10 

0 


614..55 

614.55 

11 

NK 

77.00 

1562.46 

1485.46 

12 

NP 

77.00 

1008..53 

931..53 

13 

K.,P 

.52.50 

.567.71 

515.21 

14 

KNP 

94.50 

615.59 

.521.09 

15 

KNjP 

1.54.00 

1287.84 

1133.84 

16 

N,K 

136..50 

1773.68 

1637.18 

17 

NjP 

136..50 

1415.09 

1278..59 

18 

0 


503.62 

503.62 

19 

KjNP 

112.00 

648.82 

,536.82 

20 

0 


166.28 

166.28 

21 

KNP.. 

112.00 

1068.92 

956.92 

22 

K,NP 

129..50 

1335.45 

1205.95 

23 

KN,P 

213.50 

1782.65 

1569.15 

24 

KNP3 

129,.50 

1040.60 

911.10 


In brief it may be said that the larger the amount of nitrogen used 
per acre the greater was tbe financial returns upon the investment. 
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THE HUMIDITY FACTOR IN ROSE CULTURE. 

]^Y M. A. Blake, 

Ejpa'imcul Station, New Bransivich^ N. J. 

Rather (lehiiito statonieuts and rules are j:^iv^en by florists for the 
regulation of temperature in the foreing of the various varieties 
of roses in gn^enhouses. Detailed statenuuds are not infrequently 
pnldislu^d also, giving directions for the selection and ])reparation 
of the soil previous to benching the plants and for the fertilization 
of the plants after benching. Yet comparatively little is even* stated 
or written as to the rtilation of humidity to the growth of tlui rose 
plant. It j)roves to be a most important factor, however, and one 
which is not infrecpiently tli(‘ one cause of failure in the securing 
of a (*rop. 

Relative humidity or the peiventage of moisture in the air has 
a direct effect upoji the (diaracter of th(‘ growth of any plant. If 
the humidity of tlie air about a rose plant is high the foliage tends 
to l)eeome larg(i and to remain flexible and glossy for a consid(‘rable 
period. On the other hand if the humidity is low tlie foliag(‘ be- 
(‘omes smaller, hardens (juiekly as it devcjlops, and is more dull in 
appearance. 

idle florist desin^s a vigorous, glossy, flc^xilile foliage U])on his rose 
stems and such foliage denotes that the plants have been well grown. 

Every plant undoubt(*dly has an optimum air humidity above or 
below which the b<*st n^sults cannot Ik* se<*ured. Ev(‘ry florist knows 
that the maid(m hair fern will not sikmkmkI in a dry atmosphere, 
muther Avill the cactus succeed in a verA’ moist one. 

Varying degrees of humidity have a marked (dfect upon one’s 
sensibilities. A givenliouse at a high humidity feels several d(;grees 
warmer than om* at a low humidity even though the temperature 
may be exactly the same in each house. 

The trained florist may not be abh* to define just what air con¬ 
ditions he considers ideal for any particular variety of rose, but he 
passes through tlie houses, ‘‘weds down” walks, oj)ens or (doses ven¬ 
tilators, and turns on or shuts off certain heating pi])es ac^cording to 
his impression of the air comfitions in the houses. In other words 
he is a human thermometer and iisychrorneter (*dnbine(i and may 
be as accurate in his determinations as the best of instruments. 

There is no reason, however, why the optimum humidity for any 
variety of rose may not be determined as accurately as temperature. 

The rose investigations at the New Jersey Agricultural Experi¬ 
ment Station have provided the opportunity for some observations 
of the effect upon the plants of varying degrees of humidity. The 
observa,tions have shown that the humidity may vary to a marked 
extemt in different parts of the same greenhouse. In one instance 
a difference of 8 per cent in humidity was noted between two points 
less than 33 feet apart, in the same greenhouse. Temperature and 
humidity were found to be closely associated as would be expected. 
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An inereaso in temperature tended to lower the humidity when there 
was any evaporation from the house. 

Effect of Humidity Upon Killarney RirsKs. 

The (^flVet of too low a degree of humidity upon the Pink 
Killariu'v Rose was most marked at New Brunswick. The foliage 
“hardmied oil*’’ too (juickly as it developed, tlie new shoots set bud 
too (iui<‘klv and were not free enough in their growth, the buds w^ere 
.short, th(» Howers too single and they ojx^ned too rajiidly. 

The Ixdiavior of the sepals of a Killarney bud s(;rved as a good 
indicator of relativ<* humidity. When the humidity is low the 
sepals reiiiain (dose* about the hud until it opens, but when the 
humidity is high the st‘])als expand outward from the bud several 
days ])efor(* the flowtu* is ready for cutting. Under high humidity 
the jitdals lengthen (*onsiderably before they expand, while under 
low humidity the fio\\(‘r of)ens quickly and the petals are short. 
Mildew was also much more prevalent and v(‘ry difficult to control 
under low humidity. 

VVIkui th<* hnmidily ranged f?'om a}>out 60 to 70 per (‘ent during 
the fall and winter months Killarney failed to grow and develop 
projierly, but win*!! it was mainlaimMl at about 80 ])er cent a fine 
growth and ('roj) result(‘d. 

A word of <*antion should be givcm here. A humidity of 80 per 
cent is too high if the temperatun* is excessive and if tlio soil is 
(|uite moist, and may result in prompt and serious loss of foliage. 
Roses u[)on soil with a high water holding ca])acity are affected most 
(piii^.kly. A fine adjustment of these three factors is necessary for 
best results 

During tin* summer months the humidity outside the greenhouse 
may rangt* from to 40 j>er cent u])on fair days at New Bruns¬ 
wick. It is impossible to maintain a humidity of 80 per cent in 
the grecmlionse and k(‘(q) the teitip(‘rature down. If September is 
abnormally warm rose growers often have more dini(*u]ty in main¬ 
taining the d(»sired growth. September is called a ])eriod of “be¬ 
tween seasons’’ by florists. Following the benching of the plants in 
May or June the houses are freely ventilated to keep down the 
temperature an<l to [)roruote a strong growth. But after constant 
cool weather (xx'iirs in November, less ventilation is given, the 
humidity is inereased and true forcing begins. If unusually warm 
days o(*cur after this period (*-areful attention must immediately be 
given to watering, heating and ventilating. 

Effect of IIttmidity Upon Color of Flowers. 

It has been stated that high humidity promotes a softer and more 
flexible plant growth. Excessive growth upon fruit trees is eoia- 
monly at the expense of the color of the fruit even when it is fully 
expoi^d to the sunlight. 
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When such varieties of roses as White Killarney first bloom in 
the Fall when the humidity of the greenhouse is low the petals com¬ 
monly show a cream or even pink shade of color, while later in the 
season when the liumidity is high the petals are greenish white at 
first, but as the bud becomes fully developed, the petals are pure 
white. It may be claimed that this is the result of less sunlight. 
Lack of sunlight results in a weaker, more succulent growtli as is the 
case with excessive humidity and it is true that sunlight is neces¬ 
sary for high color, but high color and finish will not be secured 
even in bright sunlight if the growth of the plant is too succulent or 
weak. With bright days and a humidity of about 80 per cent a 
house of Pink Killarney was brought to maturity at the New Jer¬ 
sey station in the P^all of 1914. The color of the first flowers cut 
was the normal pink of the variety. The florist, Mr. 1). M. Jobbins, 
then reduced the percentage of humidity slightly and the flowers 
became as deeply colored HvS Killarney Brilliant. The decrease in 
humidity resulted in a slower development and an increase in color. 
Rate and character of growth are undoubtedly factors which affect 
the color of flowers and fruit to a considerable extent as previously 
reported before this So(*iety. 

Humidity is a factor, however, whicii must be varied with caution 
in the rose houses. If lowered suddenly it may bring on an attack 
of mildew, shorten the buds and result in poor flowers. On th<* 
other hand a sudden change from a low humidity to a high one in 
the presence of a high temperature may result in loss of foliage. 

What Determines the Humidity in the (tReenhoitsk, 

In order to maintain a relatively high humidity in a heated greeiu 
house the evaporation of water vapor from the interior of the house 
to the outside air must be checked. Even in a “ tighthouse, and 
with the ventilators (dosed there is some evaporation of moisture or 
drying out of the house when the outside humidity is low. With 
the ventilators open and the heat turned on in the pipes, evapora¬ 
tion is likely to be(*ome rapid and the humidity d(‘creases ac<tord- 
ingly. 

In the summer months witli the ventilators all open to reduce th(^ 
temperatun* it is impossible to maintain a humidity mu(di above 50 
per cent. In the winter months when the heating pipes are shut off 
during bright days and the ventilators are open but little, it is not 
difficult to keep the humidity above 70 per cent. 

To secure humidity in the greenhouse there must be a supply of 
moisture to convert into water vapor. This is supplied by the wet 
ting down of the benches and walks in the house. If the walks are 
of concrete they will require frequent wetting or the humidity will 
run low. Soil or cinder walks will make the maintenaiu^e of a high 
humidity quite easy during the forcing season. 

The method of heating and ventilating the houses will directly 
affect the degree of humidity aside from the character of the walks 
and benches and the amount of moisture applied to them. 

The humidity factor as affecting greenhouse crops deserves more 
attention from both the scientist and the practical grower. 
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aSGREDITY STUDIES WITH THE CARNATION. 

By C. II. Connors, Expiriment Slaiion, New Brunswick, N. J, 

Hybridizing, so-called, of the carnation is being carried on by a 
large number of commercial growers of this plant, on a more or less 
extended scale. This work is of the ‘Miit-or-miss’^ variety of breed¬ 
ing, based on the possibility of a promising seedling appearing in 
the first or s(*coiid gem^ration. No re(*ords, or, at best sc^anty ones, 
are kept, the result lieing that it is almost im])ossible to trace back 
the heredity of any of the promising commercial varieties for more 
than two or three generations. 

Of late years, there have been a num])er of scientific investigators 
who have worked with the carnation with the result that certain 
characters are fouml to follow the Mendelian law of inheritance. 
Stuart^ working at the Vermont Agricultural Experiment Station 
and Arlington Farm, and Norton- deduced that there are two true 

types’’ of carnation bloom, the single and the double, and that 
the commercial type is really the fusion of th(‘ heterozygous gametes 
of the single and the double. Single crossed with single gave all 
singles; commercial (‘rossed witli sitigle gave approximately one- 
half singles and one-half comimuvials; commercial crossed with com¬ 
mercial gave about om*-fourth singles and three-fourths eommer- 
(*ials and doubles: singh^s crossed with doubles gave practically all 
commercials. 

This classification of bloom is arbitrary. The writer" found that 
some of the so-(udled singles might have six dr seven petals and 
petalloid organs; the ('ommercial varieties might have up to 168 
I)etals and petalloid organs; while what have been called “bull¬ 
heads” might have anywhere from 100 to 475 pcitalloid organs. 

A suggestion of the rule to follow in the elassification of the 
flowers of the (tarnation would he to call a flower with a single 
whorl of petals up to eight in nuiriber, a single; a flower with a 
long hud and ealyx having more than eight petals and less than 
one hundred, a comm(*rcial; and a flower having a globular bud and 
more tlmn ot)(» ImiidnMl petalloid organs, a doulde or bull-bead. It 
was found that certain (commercial varieties would vary greatly in 
the number of petals under varying cultural and seasonal conditions. 

Assuming these standards, the seedlings grown at the New dersey 
State Experiment Station in 1912-13 bear out the findings of Stuart, 
even though the number of individuals with which we worked was 
small. The seedlings that year were all the result of crosses between 
commercial varieties of carnations. 

Out of one hundred and eighty-three seedlings that bloomed, 
fifty-two were single, eighty-one were commercial, and fifty were 
double, a reasonably (dose approach to the Memdelian ratio, con¬ 
sidering the fewness of the individuals. In addition to these, there 

1 Venn out Agricultural Ex]>. Sta., Bui. 163. 

2Proc. So(i. Kort. Soc., p. 305 (3905). 

^Proc. Soc. Hort. 8ci. p. 93, 1933. 
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were two plants tliat bore both single and double flowers and two 
that bore both eoumiereial and double. 

The object of all breeding investigations, aside from the technical 
points involved, is either to secure better varieties or improved 
strains of existing varieties. 

So the object in breeding carnations has been mainly to secure 
flowers of better color and better form. The absence of complete 
records in this breeding work makes the correlation of the results 
moi'e difficult, becaus(* of the lack of knowledge of the parents of 
exist!r]g varieties, and because ditlVrent colors have been used 
indis(u*iminately. 

There liavci been no good commercial vari(‘ties of yellow carna¬ 
tions, so the idea was conceiv<*d at the New dtTsey Station of work¬ 
ing for a good yellow one. dames AVhit(^omb Riley, on(‘ of tlie best 
yellows lip to that time, but lai^king in vigor, was selecti'd for the 
seed parent and White Perfection for the pollen jiarent. The 
descent of the.se, so far as is known, is shown in (diart J. 


(’ll ART 1. 


Mrs, Tbo«, W. Lawson 
1 cerise) 


James Whitcomb Riley 


I 

yellow and red seedling J 


white 


White Perfection 


white J 

(Some colored varieties 
had been used In previ¬ 
ous generations.) 


;]8b 


11 white 
G yellow 
C w & r 
2 w ^ p 


GDI) 


20 whlt<' 

10 yellow (Ti creamy? 
1 w & p 
1 pink 


40b 1 white 


lib 1-vvlntc 


20 white 


( 2\\hit(‘ 

42b 1 2 w & p 

( 1 white 
4i)b 1 yellow 
[ 2 w & p 


12 \vhite 
1 yellow 
r»2b 1 w & p 
I w & r 


[ 18 white 
r.5b 1 1 yellow 



4 white 
2 yellow 
1 y & r 


2 4b 


r> white 
K yellow 
4 w & r 
2 w & p 


15 w & r 


4Cb 


1 w & p 


G9b 


4 white 

.2 yellow (1 creamy) 
2 w & p 


t 6 w & p 


48b 2 white 

r 2 white and pink 
52b [ 1 yellow 


CSb 


17 white 
4 yellow 
4 white ,aiid red 
10 white and pink 
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Summary of Chart I. 


9 whites 


3 white ancl red 


71 white 
21 yellow 
1 yellow and red 
4 white and red 

8 white and pink 
1 pink 

9 white 
11 yellow 

4 white and red 

5 white and pink 


3 white and pink 


Totals 


' 19 white 
6 yellow 
4 white and red 
, 12 white and pink 

99 white 
37 yellow 
I yellow and red 
12 white and red 
25 white and pink 
^ 1 pink 


All that (‘ould be beamed was that White rerfeetiou came from 
a cross between white ]>firents, but otluir colors had been used in 
previous generations. A(‘cording to JMenders law, however, the 
white was supposed to be pure. James Wliitcorub Riley was from 
a cerise parent on one side and an unknown yellow and red seed¬ 
ling on th(* other aide. 

Mr. 1). jManley Jo))i>ins crossed tlowers of these two varieties in 
1911, and tlu^ seedlings bloomed in 1912-1J. Of these, twenty were 
white wiiile tw(»nt.\ AV(o*t‘ \arigated, tifteen with red and Hve with 
pink. This provinl white dominance in the First generation. 

Nine of tlu'se “pnre'^ whites were s(*lf-polhnatt*d. yielding one 
hundred and six individuals. 


11VIWHETICAL PviUS iNFErKNCEl) BY IxMMEASrRABT.E STIMULI. 

The (combinations of eharaeters possible in (‘ach gamet<* are as 
follows: 

WYR - White, 

WYr --AVhite, 

W V H - White, 

W V r - AVliite, 

wYR - Yellow, (?) 
w Y V AYdlow, 

w y H — Red, 

wyr -/ (either white, red, or a dilution). 

The number of variations possible is sixty-four. 
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CHART U 


WYR 

WYR 

WYr 

WYR 

WyR 

WYR 

Wy r 

WYR 

wYR 

WYR 

w Yr 

WYR 

wy R 

WYR 

Wy r 

WYR 

WYR 

WYr 

. ♦ . . - . 

WYr 

WYr 

W^R 

WYr 

Wyr 

WYr 

wYR 

W.tr 

W Yr 

WYr 

wy R 
WYr 

r .- 

wy r 

WYr 

WYR 

WjR 

. . . ^ 

WYr ' 
W^R 

j* 

“ WjR 

Wy R 

Wy r 

WyR 

wYR 

WyR 

J- 

wYr* 

WyR 

1 

wy R 
WyR 

wy r 

WyR 

WYR 

r 

WYr 
iy»> r 

WyR 

Wy r 

Wyr 

Wyr 

wYR 
Wy r 

w Y r 
Wy r 

wy R 
• Wy r 

wy r 
Wy r 

t 

-< ■< 1 
3Q 79 1 

WYr 

wYf? 

WyR 

wYR 

Wyr 

wYR 

wY R 
wYR 

V 

wY r 
wYR 

rr 

wy R 
wYRi 

Tl 

wyr 

wYR 

(7..- -- 

WYR 

wY r 

WVr 

wV r 

n 

Wy R 
WY r 

[[ 

Wyr 
wY r 

wYR 

[wV r 

Y 

w 1 r 

W Y r 

wy R 
^wYr 

wy r 

wY r 

WYR 
wy R 

WYr 
wy R 

Wy R 
wy R 

Wyr 

wy R 

wYR 
vcv R 

T1 

wYr 

w y R 

nr.. .. 

wy R 
wy R 

r 

wy R 

7 , . 

WYR 

vv^ r 

WYr 
wy r* 

WyR 
wy r 

Wyr 

wy r 

wYR 

j wy r' 

wYr 

wyr 

X 

wy R 
wy r 

»4 - 

wy r 

wyr 


V/ariations po%$ible secoi^d ^onercktron,S.P, 

of ck cross between a wbiie An«l a yeiiovv cornet*lon^ re4 
being present. 

W* dominant wKite *, w~ recessirc “wbitC 
y * dominant yellow ; y * recessive vcUow. 

R« dominant red ) r * recessive red* 

I ^ white l)e doinhiant when homozyfi^ous, then all of the eoiubina- 
tioiis ill (juadrant 1 are white. 1 f white be doiiiinaiit when 
heterozygous, no matter whether yellow and red be homozygous or 
heterozygous, then all the eombinations of quadrants JI and III will 
be white. This gives the number of whites at 75 per cent of the 
total. 

If, in the same way, homozygous or heterozygous yellow be domi¬ 
nant over either liomozygous or heterozygous red, then 75 per cent 
of the remainder will be yellow or quadrants IV,, IVjj, IV,, will be 
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yellow. This leaves only quadrant IV^ in which three combina¬ 
tions may be taken as reds. The fourth, w y r—w y r, is an in¬ 
determinate and may be any one of the three colors, a dilution, ojr a 
composite, such as a variegated. 

The proportions then should be: 


75 per cent white.79.5 white. 

18.75 per cent yellow.19.9 yellow, 

4.68 per cent red.4.96 red, 

1.57 per cent indeterminate. 1.66 (?). 


The actual figures are 71 white, 21 yellow, 1 yellow and red, 4 
white and red, 8 white and pink and 1 pink. Putting it in another 
way there are 71 white, 21 ydlow and Mi red. 

This shows the y<‘llow to he aiiout the expected num})er. The 
whites are a little under llie expected nuin])er and the reds a little 
over. The proportions, however, may be taken as fairly consistent, 
since the multiplication of factors such as varigatioii have been 
neglected, and since the number of individuals is so small. 

The Mendelian law of inli<»ritanc(* of color is that when white oc¬ 
curs, it should breed true. This assumption has not been entirely 
borne out in this experiment. The behavior of ('crtain individual 
whites would seem to itidicate that there aiv two forms of whites. 
Just as tben» might b<^ a liomozygous r(*d or a heterozygous red, as 
found hy Iledri(*k* in studying tin* inheritance of color in the skin 
of the appl(‘, so there might he a homozygous white or a heterozygous 
white. This would seem to be partially borne out hy the behavior 
of the progeny of certain individuals. No. *19 b when self-polli¬ 
nated gave twenty white, ten yellow (of whieh live wt‘re diluted or 
creamy), one pink and one white and pink. No. b v\lien self- 
pollinated gave eleven white, six yellow% three wiiite and red, and 
two white and pink. No. 55 b gave eighteen white and one yellow. 

Working with so small a number of individuals makers the corre¬ 
lation with the law difficult. While then^ is not enough evidence 
to substantiat(‘ the suspi<uon that thm-e are two kinds of whites, the 
indication points sti'oiigly in that direction, and it is hoped that we 
shall be able to prove it in the study of subse(|uent generations of 
this cross. 

Heritable characters that hinder or limit th<‘ work are found. 
James Whitcomb Riley is usually imperfeid, so that it is impossible 
to obtain the reciprocal of the cross. Tt was observed, however, that 
toward the end of the Homm a few flowers of this variety appeared 
that had streaks of r(‘d and these variegated flowers bore pollen, 
though it was not very virile. This character of imperfect sexual 
nature is transmitted to the progeny. So far as has been ol)served, 
no pure yellow from this cross has been perfect, only two yellows 
bearing stamens, one the yellow and red and the other very dilute 
yellow or cream. Among the whites of this cross, too, this defect 
is inherited. In the first generation, fourteen seedlings were im- 


4N. y. Geneva St. Bui. .V>0. 
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perfect and in the second generation, fit‘ty-seveiL This makes the 
difficulty of close-pollination rather greater than usual. 

A few of the varic^gated individuals in the first gen(n*ation were 
self-pollinated, the result being: 


28 white 

16 yellow 

8 white and red } 

17 white and pink \ 


.41 i)er cent 
.2r‘l per cent 

36 per cent 


The use of variegat(*d individuals })rings into tiu* <*mribina.tion 
complicated factors that need further study, but tiu* result so far 
would seem to indicate tlie dominance of the whit(- over r(‘d and 
yellow. However, the presence of tiie strong red character seems 
to reverse tlu* dominaiK^e of yellow a ml red as found in the clear 
whites, and makes red dominant over yellow, as ex])t*{ded. 


SUM.M MiY. 


The results of this investigation so far tend to show that in cross¬ 
ing a yellow (‘arnation with white, n‘d ])eing })rcs(*nt as a latent 
(‘.harac.ter: 

1. White is dominant over \ellow and red. 

2. In tiie seeond gtMieration. yellow will he dominant over red 
unless tin* red ))e strongly evidenced, in which case ivd is dominant 
over yellow. 

3. In somt* yellow carnations the ])rescnct^ of i*ed is associated 
with the presence of f)erfe(*t sexual organs. 

4. The prohalhlity of two kinds of white, homozygous and 
heterozygous, as dominants is strongly sus])ect(*d. 

WEDNESDAY, DECEMBER 30, 1:30 P. M. 


The iiie(*ting was called to ordtu* by Presithmt (’orbett and a short 
business metdiiig was Indd. 

The officers and eummittees for 1915 as given on page 5 were 
elected. 

A committee of tbrt^* members ou graduatt* work was added to 
the standing committees on horticultural courses. 

It was decided to liold the annual 1915 meeting at Columbus, 
Ohio, during convocation week in r)e<*ember. This meeting will 
cover two days of tw^o sessions each. The members were in favor 
of continuing the smokcir as an annual ewent. 

The trip to and through (-alifornia and the Summer meeting in 
connection with the Panama-Pacific Exposition, will be considered a 
field trip for the members and the Executive Committee and Secre¬ 
tary were instructed to prepare a program for a one-day meeting 
only to be held at the University of California. 
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BXPBEIMENTAL EBSULTS IN yOUNd OECHAEDS IN 
PENNSYLVANIA. 

By John P. Stewart, Experiment Station, State College, Pa. 

As most of you dou})tless know, an extensive series of orchard 
experiments was started by tlie Experiment Station, in various parts 
of Pennsylvania, in 1907 and 1908. The results from some of these 
experiments, especially those on the fertilization of mature orchards, 
have been published from time to tijno in bulletins and reports of 
various organizations. fn the meantime, results have been 
accumulating in a number of other experiments, some of which 
differ considerably in subject from those already reported. The 
latter results for the most part are coming from young orchards 
wdiich were planted expressly for use in the present series of experi¬ 
ments. Neither (experiments lior results are regarded as complete in 
any sense, but they are presenttnl at this time to show the trend 
of affairs for the ffrst seven years, and to furnish some additional 
definite! data in ti(‘ld and period of develoi)ment that is now 
relatively bare. 

Tlie first data to wliicli we could call attention a]‘e upon the com¬ 
paratively old question of the relative merits of different methods 
of propagation f^r young apple tiTcs. Whicdi is the best type of 
tre(^ to plant, one propagatiul on the whole root, by budding or 
grafting, or is one d(*velop(Hl on a picute root, or without any seedling 
root at all, (uiually good or supt‘rior I This was a very live question 
some 15 or 20 years ago, and a number of experimemts were made 
on it, cliiefly at the Kansas, Pennsylvania, Oregon and Alabama 
stations. The last three of these exj)eriineuts were practically iden¬ 
tical, th<! grafts ])eing made by the E(‘deral Bivisiori of Pomolo^ 
in 18f)r> and the resulting tre(»s sent to the stations for planting in 
3897. 

Those sent to the fVnnsylvania station eonsisted of 10 varieties of 
Hungarian apples, with two trees of each variety grafted on whole 
roots, two on top piece and two on bottom pi(3ec roots. They were 
planted oji Ai)ril 15 and lb by the late ProiVssor Butz, and cared for 
uniformly until the date of measunMiient by tin* writer in April, 
1908. exmdly 11 .years art(»r planting. Two trees were out on the 
latter date, one each in the tirst and third groups, and one addi¬ 
tional tree in tin* bottom-piee<* group \vas so chvarfed and ‘‘runty,'' 
as a result of defective union, that it w’as exeduded in the final 
averages. The average growth made in the various groups, ten 
varieties of six ea(*h, in 11 .vears, is shown in Table I. 

Taree I, 

iNFiiUf^NCE OP Method op Propagation I'Pon Growth op 
Apple Trees. 


Kind of No. of 

Average Trunk 

Average 

Gain in 

Gain in 


Graft Tr(jes 

Girth 

Height 

Girth 

Height 

Bank 


Inch(».s 

Feet 

Per cent 

Per cent 


Whole Root.. U> 

15 85 

ia.86 

0.2 

04 

2 

Top Piece.... 20 

16.12 

14.10 

1.9 

2.2 

1 

Bottom Piece. 18 

15.82 

13.80 

... 

... 

3 
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In this case it will be noted that the trees propagated on the top 
piece roots are slightly in the lead in all rt^spects, with those on the 
whole roots coming second. In the experiment in Alabama, as re 
ported in their Bulletin No. 98, the trees on the bottom pieces were^ 
showing a slight superiority at the close ot' the second season, with* 
those on the top piec(‘ second and the whole roots third. In the 
Oregon experiment, as stated in the Animal Report for 1901, pp. 38 
and 39, the trees on the whole roots were slightly ahead at the close 
of the fourth season, in the single variety remaining at that time, 
with those on the top piece again second. 

In the Kansas experiments repoi*ted in their Bulletins No. 65 
and No. 102, 64 trees grafted on whole roots averaged just one- 
tenth of an inch larger in trunk diameter at the end of 10 years' 
growth in the orchard, than 30 trees that had been budded in the 
usual manner on whoh* roots. They in turn averaged a fifth of an 
inch larger than 102 trees, involving some additional varieties, that 
had been propagated on j)i(*ce roots. No diflPenmees in growth or 
vigor were observable in the or<*ha?*d. In another experiment in 
the same slate and repoi*ted in Bull(*tin No. 65, 3 varieties of 400 
trees each, on whole roots, w<‘re com]uir(‘d In' .lodge Wellhouse with 
an equal number of trees of the same varieties iiropagated on very 
short piece roots, 2-ineh lengths. In the latter ease a v(u*y consid¬ 
erable number of roots developed from tbe scions above the seedling 
pieces, thus making trees on their own roots to a considerabb' ex¬ 
tent, while none were develope<l on the whole root trees. At the end 
of 19 years of growth in tlte oT’eliard the only differem^e observed 
was that a mindi greater number of sprouts had eom(‘ u]) from the 
whole-root trees than from the otIiei*s. No otluT noticeable* differ¬ 
ence, eith<*r in growth or fruiting bad appeared. 

From all this data it is obvious that no one of tin* present forms 
of propagation has any material advantage over any other. It 
may be of distinct advantage? te) ge‘t riel of tlie* se^edling root al¬ 
together, either by using the* shortest pieM?es praeticable* and then 
cutting them off entirely during the* proeress of transplanting after 
roots have developed above, or possibly by a direct rooting of the 
scions by the use of a method that it is rumored will soon be made 
known by the P^ederal Bureau of Plant Industry. This elimination 
of the seedling root would at least diminish the numerous ill-effe?cts 
of poor unions. It would also reduee the opportunity for erown- 
gall infection, eliminate the possibility of harmful influence of the 
variable seedling stock upon the scions, and would furnish really 
standard roots, as well as toi)S, with which the injuries from root- 
aphis and kindred diflfieulties fnight well be greatly reduced or 
eliminated entirely. This is plainly an important array of advant¬ 
ages, and all of them practical and by no means impossible of at¬ 
tainment. Who will be the fortunate one to carrv this matter 
through ? 

On the Valtje of Scion Selection. 

The next question is somewhat related to the one just considered 
but is much more recent in origin. It bears upon the value of 
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sciwi selection, including the so-called ‘^pedigreed** trees, and also 
incidentally including the existence of the so-called drone trees. 
In this question we are seeking to determine whether or not it is 
possible to materially affect the yield, or any other important quality 
in an apple tree, by selecting the scion which i>roduces it from a 
tree which is known to possess the desired qualities to an unusual 
degree. 

Various theories and observations have been advanced on this 
question and a few experiments have been conducted, most of which 
are summarized by the writer in the Annual Report of the Pennsyl¬ 
vania Experiment Station for 1910-11, pages 493-500 and 505-6. 
The net results of all this observation and discussion, however, have 
merely shown that important variations do exist among mature 
trees, in almost any direction desired, hut ilnis far none of the varia¬ 
tions with in a variti ij have been actunlly proved to he heritable^ 
with the apparent exception of <;olor. In addition the most funda¬ 
mental and generally accepted theories are all against such inherit¬ 
ance, without excepting color. 

’With this situation in view, w(* started a preliminary experiment 
in 1908 to test the actual heritability through sedons of such individ¬ 
ual superiorities as we were able to locate, chiefly through the aid of 
(iominercial orchardists. This experinumt to date has shown some 
slight indication of a possible advantage in the process of scion 
selection, but neither our data nor any otlier now available is suffi¬ 
cient to justify anyone in paying any materially higher prices for 
the so-called i)edigr(KHl trees. Such trees probably liave more cer¬ 
tainty of trueness to name where the scions have recently come from 
mature trees of known ))earing habits, and one is naturally on the 
safe side of the question in using them when they can be obtained 
without material increase in price. This, howewer, is all that can be 
said in favor of the pra<diee at ])reseiit, and much further data are 
needed. 

Rklattve V^alue of (hoKTAiN Stocks in Tof-(}kafting. 

In case any of the (*xperiments on scion selection should definitely 
prove the practice to be advisable, it will evidently be well to know 
something of the relativ(‘ values of different stocks available for use 
in top-grafting. Some desirable varieties also should regularly be 
top-grafted to seemre better and healthier trunks. To secure data 
on the relative merita of certain well-known varieties for stock pur¬ 
poses a test was started in 1908, using four trees each of three varie¬ 
ties on five different stocks, with the results shown in Table II. 
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Table T1. 

Influence of Different Stocks on (Jrowth of 
Young Apple Trees. 

(Average iiierease in trunk-girth 1908-1914, Exp. 

Jouathjjn Tompkins Knig Grimes 


Gent^iiil 

Average Average Average Aver.'^ge Gain Over 
Plat Stoek Gain Gain Gam Gain in Si/e Lowest 

Inches Inches Im hes Incljos Po/i’cent 

1 IS^orthern Spy . . 0.71 7.2r> 7.;i2 11.4 

2 Tolnian .6.7i) 0.S2 S.OO 7.40 12,0 

.H Wolf Riv er.0 2r» 0 .‘17 7.09 0 oT 

4 Paragon .9.22 S.oO S.7.’) S.s4 34.5 

5 ("hainpioii .7.29 0 7S 7.s:» 7.30 11.1 

0 Niir^erv Trees... 8 33 0 02 0.09 7.01 0.7 


One rather nu(‘xpt*eto<l result hen‘ a]>peais in the ra('t thal in all 
cases except one, the trees top-grafted on known stoedvs, have made 
a belter growtli tiian tlios(‘ gj'alted on S(HMlling I’oots in tln^ nursery. 
In the ease ol' tin* (irirnes also, all of the top-graftcHl tr(‘es ar<^ now 
in the lead. Among the diTenmt storks tlie lives dt‘velop(‘d on llu* 
Paragon are now distiiietly in the l(*ad, v\ith those on Tolman ('onu 
ing second, AVith the Orimes ami 'J'ompkins King, whi(‘h are the 
only ones of these three lliat realty need 1(>])-working, tin' superiority 
of tliese two stocks is v(*i‘y markiMl so far as growth is (»oneerned. 
On the smoothness of unions, the Tolman and (dianipion are prob¬ 
ably best, with the Paragon m‘xt. if the Jonathans be exe(‘])ted, as 
in that variety the l^araaon stoek has timded to outgrow the s^dons. 
Tiieidentally the reverse is the ease with Orinies on Wolf Uivei*. 

The Northern Sjiy stock has averaged third in growth and is now 
riiiiniijg about equal to tlie I^iragon in unions. It also usually 
makes an excellent trunk and root-system, but in at least one respect 
it is ('onsiderably h%s <lesirable tluni either the Tolman or Paragon 
for stock purpos^‘.s, and that is in its unusual tardim*ss in starting 
growth in tin* spring. This t<‘nds to make the scions (»f most varie¬ 
ties more active than the stock, whi<di is naturally th(‘ reverse of the 
condition desired wln*n tlie grafts are ))<*ing started. From tin* pres¬ 
ent results, either the Paragon or Tolman ajipears to be distinctly 
preferable to any of tlie others for Grimes at lejast, with the 
Champion coming in third, if the .Jonathans are omitted. 

Some fuiTher interesting relations between certain stocks and 
scions used in top-grafting have also been reported orally to the 
writer by Samuel Fraser, of Geiieseo, N. Y. lie finds, for example, 
that the Twenty-Ounce top-grafted on Baldwin makes from 50 to 
100 per cent better trees in five to eight years than when worked on 
Nortliern Spy. Similarly he finds that the Wealtliy does very poorly 
on Rhode Island Greening, while the latter does very well on 
Wealthy. Huhhardston top-grafted on Ben Davis, Northern Spy, 








EXPERIMENTAL BESl^LTS IN ORCHARDS IN PENNSYLVANIA. 105 


and Tolmaii resulted in such peculiar changes in twig color—some 
becoming red, some purple, etc.—^that they could not be used with 
safety for furtluir scion wood until they had proved their identity 
by coming into bearing. 

These and similar facts indicate tliat many of tlio common varia¬ 
tions in si/e and vigor so freciueutly shown by the same variety of 
trees, both in tlndr nursery and later growth, are due to differences 
in congeniality between the scions and the variable seedling roots 
on which tliey were worked. Moreover, the very remarkable effects 
of certain typt^s of grafting, vvljich result in the ])lant (diirneras and 
graft hybrids (se(‘ dOurnal of il(*redity for Dec., 1!M4, p]). 521-546), 
also indicate that there is still a vast amount to be It^arned about all 
these matters, which again brings us back to tlie d(^sirabi]ity of re¬ 
ducing all variable factors, such as seedling stocks, to the lowest 
terms i) 0 wssible. 

Ox Tin: Vali’kof Dvnamitino is Aculk Orouards, 

This (piestion was naturally not eonsi<h4*(»d of fundamental im- 
portanc(^, but there was so much agitation and so many impiiries 
about it that it seemed desirable to get souu‘ definite data on it also, 
h'or this pnr[)os(‘ four (‘xperimerils were started in tlie w’estern part 
of the stutt‘, on a Volusia sill loam which had a typical hard-pan 
sub-soil at an average de|)tli of about to 14 irndies. Two of these 
exp(*riments were on ondjards just Ixung planted, and tw^o on 25- 
year old Baldwins which had b<*come mor<‘ or hxss sod-bound. They 
w’<*re started in tin* Spring of 11)12 hy \V. R. White of tln^ eollege, 
and all the reeords have been taken by him under the general direc¬ 
tion of 1h(‘ sf)eaker, Thv net n*snlts of the two (‘xperiimuits in 
voung orchards at close of the third season, 11)14, an‘ sliowm in 
Table Til, 

Tvuli: Ill. 

TxFLrhNC’K OF l)VXAMlTIX(i ON UUOWTU AND VITALITY OF 

Younu Apvlk Trkfs. 

White Johnston 

Exporiinouts in; Orcharil Orchard 

No. of trees dyiiaiinted (A).J4 

No. of trees not clynainitecl (B)-19 

tHU>t]» of explosions.2 to 4 ft., by (> inch 

inter\ a Is 

Average gain in trunk girth, A.2 01 iuehes 

Average gain in trunk girth, B.1 98 inches 

Benefit to growth in A.I-**) per cent 

Total trees dead, A.8 or 2,1.5 per cent 

Total trees dead, B.2 er 10,5 per cent 


In both these cases we find a very slight superiority in gro^vth in 
favor of the dynamited trees, hut nothing of any importance. In 
fact the difference is so very small that it is necessary to go to the 
third decimal place to find it in the Johnston orchard, and in the 


2.5 

10 

^aine 

2.491 inches 
2.486 inches 
0.2 per cent 
0 

0 (1 weak) 
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other orchard the much higher death rate among the dynamited 
trees more than offsets the slight superiority in growth. In fact, 
the difference in death rate seems to be the only definite effect that 
has appeared liere so far, as the growth differences are so small that 
they may be directly chargeable to normal variations. Similar re¬ 
sults on the apple are reported from both the New Hampshire and 
New Jersey stations, and the general absence of effects in the 
thorough, mechanical, sub-soiling test that was started at th 
Missouri station in 1895 and reported in 1900 in Bulletin 49, should 
all lead to the conclusion that nothing important is likely to be 
gained in this direction. 

In the mature orchards, the results for three years, 1912-1914, are 
shown similarly in Table IV. 


Table IY. 

Influence of Dynamiting on Yield, Growth, Color and Average 
Size of Fruit on Mature Apple Trees. 


Experiments in: 


Boak 

Orchard 


Johnston 

Orchard 


No. of trees dynamited (A).5 

No. of trees not dynamited (B).... 5 

Depth of explosions.2 to 4 ft., by C inch 

intervals 

Total yields, in A.3986 lb. 

Total yields, in B.Cl36 lb. 

Benefit to yeld in A.22.4 per cent 

Benefit to growth, A. 4.9 per cent 

Benefit to color of fruit, A. 9.4 per cent 

Benefit to average size of fruit in A,. *7.3 per cent 

No. of fruits in samples.1189 


5 

5 

Same 

5654 lb. 

5332 lb. 

6.0 per cent 
-0.7 per cent 
-12.4 per cent 
10.1 per cent 
939 


Here again the results are so variable as to cause one to suspect 
that the dynamiting has had little or no definite inflmmee at all. 
The net effect in both experiments is rather against the shooting 
instead of in favor of it. At any rate, none of the present re^sults 
would indicate any special value in the practice of dynamiting in 
apple orchards at least, and the same is true of the definite experi¬ 
mental results elsewhere, so far as the writer is aware. Incidentally, 
there is plenty of really definite and profitable uses for dynamite to 
make it unnecessary to try to force it into a field for which it is 
not fitted. 


On Methods of Handling the Soil in a Young Orchard. 

The next three experiments bear upon the various methods of 
handling the soil in an apple orchard from date of planting up to 
the age of seven years. The first and third experiments are chiefly 
concerned with the relative values of different cultural methods and 
cover crops, while the second also furnishes some data on the rela¬ 
tive values of different fertilizer combinations. 
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The data shown in Table V are obtained from the experimental 
orchard at the college. In this experiment the area now covered by 
plats 2 and 6 was plowed in the fall of 1907, and prepared about as 
for corn in the spring of 1908 wdien all the trees were planted. 
Since then the ditterent methods named in tlie table have been fol¬ 
lowed annually. 

In the meantime, in plats 7 to 9, no tillage of any kind has been 
given. The trees were merely planted in the rather thin sod in holes 
dug with a spade, and then w(ire mulched with about 100 pounds of 
straw per tree. Hi nee tlien the growth between the trees has been 
cut at least twice annually, and the material obtained in the first 
cutting has ])een added to the mulch, while tlje second cutting left 
where it fell. In addition, the initial mulch of outside materials has 
been repeated about ev^ery other year. The results of this experi¬ 
ment, No. -idl, at the close of seven years, 1908-14, are shown in 
Table V. 

Table Y. 

Influence op Cultural Methoixs on JIdisture, Growth and 
Yield in a Yoitng Orchard. 


Atoisture Relation to Average Gain Gen- 

Content Optimum Gain Over Total eral 


Plat Treatment 

1913 
per cent 

(>ontent 
j>er cent 

in Girth 
inches 

Tillage Yield 
]/er cent pounds 

Rank 

2 

Tillage . 

. .10.6 

53.0 

6.84 

» * • • 

1.5 

8 

:i 

Tillage ami inter crop. 

. . 5,0 

27.6 

7.09 

12,4 

21.6 

6 

4 

Tillage and cover crop. 

h.5 

12.7 

6.84 

.... 

7.0 

7 

5 

(jover croi) and manure 

. . 9.2 

45.9 

S ;!1 

21.5 

135.4 

3 

G 

Cover crop and fertilizer. 9.4 

47.2 

7.76 

13.5 

18.9 

5 

7 

Mulch . 

. .17,1 

S5.6 

8.29 

21 2 

38.5 

4 

8 

Mulch and manure... . 

. 1S.2 

9(X.S 

s!76 

28!i 

300.5 

2 

9 

Mulch and fertilizer. . . 

. .18.1 

90.1 

8.93 

30.5 

390.1 

1 


111 the first jiljiee it will ht' noted that the least growtli is being 
made in plats 2 and 4. Tin* annual eover crop whieli consists of a 
mixture of red and erimson clover, has tliorefon* shown no benefit to 
the trees as yet. The use of a tilled annual inter crop in plat 8, fol¬ 
lowed by a late cover crop of rye, has not only resulted in no ap¬ 
parent lu.inry, but the associated trees are actually making about 
12J per cent mor<! growth tiian those under either of the more usual 
treatments in plats 2 and 4. Similar resiills are observable in the 
experiment shown later in Table VI. and similar results were also 
obtained by Emerson at the Nebraska Station and reported to the 
close of the second year in 1908, in Bulletin 79, pages 14 to 17, 

The financial returns from the inter crops in our experiments, 
with such crops as potatoes, have usually run from $40 to $50 per 
acre even on the very poor soil involved. The inter cropping 
method therefore is evidently by far the most practical of any of 
those involving tillage, and no important injury should result to 
the associated trees so long as proper inter crops are used. By 
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proper inter crops we iriean those involving some early season tillage 
each year. If in addition the trees themselves can be kej)t mulched 
with a good coat of strawy stable manure, such benefits as those 
shown in plat 5 can ])e se(*ured, 

Where tillage and inter crops are not feasible however, the mulch 
system is available and has proved very effective, as shown in plats 
7 to 9. The results there also are in accord with those in the follow¬ 
ing table, and with those reported from the Ohio station in J^ulletin 
171. The special success of the mulch is evid(mtly due to its un¬ 
usual etfectiveness in (tonserving moisture. As showui in the S(H‘ond 
column, the roots of the mulclu'd trees were still surrounded with 
85 to 90 per (tent of tlie best possible moisture* content in Septem¬ 
ber, 19L‘h after fully six weeks of very unusual drought, while the 
soil around the roots of the tilled trects had be(*n r(‘du(*ed to a dust- 
dry condition in most cases. 

The addition of plant food in plats 8 and 9 has ivsulted in soin** 
gain over tin* mulch alone, but from the relative* gro^sth made it 
wonld seem that the (*ojism‘vation of moisture is fully tNvic(* as im¬ 
portant as applications of plant food, at least in the case of young 
trees. The latter applii'ations, however, have a])parently had (con¬ 
siderable influoTHce on the yi(*his, which is rather surprising in view 
of the fact that the trees are so young. Incidentally the usual cor¬ 
relation hetw(*en yield and growth is espe(*ially promiiuml hen*, and 
this again omphasi/es the fa(*t that (*arly bearing (cannot be se¬ 
cured on young healthy trees without an (extra amount of growth. 

Table Vi. 

Influence of Fertjlizatton and (-ultobal Methods on Growth 
AND Yields in v Young Orchard, First Seven Years. 




Average gain 

(lain over 

A'i elds 

Plat Treat niont 

in trunk girth 
iiu'hoH 

ijonnal growth 
per cent 

1914*^ 

pounds 

I 

(!iieck.... 

. 6 0-1 


32 

<) 

Nitrogen ami phosphorus. . . 

. ... 7.39 

11.8 

02 

a 

Nitrogen an<l ]»ot:ish. 

.... 6 90 

0.3 

10 

4 

Oheck . 

... 7.09 


0 

5 

Phos]'horus and j)otnsh. 

.... 7.09 

0.2 

17 

6 

('!om]d(*te fertilizer . 

. 8 07 

11.4 

28 

7 

Oheek . 

. 8.18 


37 

8 

Manure . 

. 8.77 

10 .() 

23 

9 

Lime (and NPK, 1912 )_ 

, ... 8.18 

5.3 

17 

10 

Check . 

. 7.50 


10 

11 

Tillage and ('ov'or crop. 

_ 7.38 

1.5* 

19 

12 

Tillage and inter cioi). 

. 7.79 

7.2 

50 

13 

(>lean tillage. 

. 7.27 


23 

14 

Sod inulcdi . 

_ 8.11 

ii.6 

109 


In Table VT we have results from experiment No. 337 started at 
the same time as the last, on volusia silt loam in the western part of 
the state. This experiment differs slightly in the fact that the cul- 

♦Gains over lowest In the cultural method section, 

♦♦Reduced to equivalent plats throughout. 
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tural methods and fertilizer treatments are entirely separated, and 
the latter treatments are so enlarged that the relative values of the 
different fertilizer elements can be determined to some extent. Just 
at present, however, its chief value is in the general corroboration 
that it gives to the results in the preceding table. 

In the cultural plats 11 to 14, the greater growth and bearing 
in the mulch and inter crop treatments are again quite evident. In 
the fertilizer portion of the experiment, the growth has been im¬ 
proved somewhat more than usual by certain elements, viz., nitro¬ 
gen and phosphorus. This is probably connected with the fact that 
this particular soil type is usually deficient in these two elements. 
In general also, it is very well supplied with moisture which prob¬ 
ably accounts for the relatively smaller effect of the mulch in this 
case. 

Kklative Value of ('over ('rops. 

When these ex]>(*rimcn1.s were started w(‘ naturally expected the 
tillage and eovt*r (U'op imdhod to rank high among the soil treat¬ 
ments, and es])(‘(‘ially was this (‘xpecled i)i young orchards. To get 
some (lata therefo)'(‘, as to \\]ii(*h eover crops were best for this pur¬ 
pose, exp(‘riment No. shown in Table Vll was started in 1908. 
Along wuth th<* (•om])arison of annual covers us(‘d in plats 1 to 12, 
a single permanent (‘ov(*r W’as ineliuled in plat T5, and the material 
arinuallv produ<‘ed between the rows was used as a muleh around 
the tr(H*s, The r(*sul1s to the close of tlie sev<*nth year, 1014, are 
shown in Table VII. 

TauleVIT. 

Influence uf Cover Crops on Crowtu and Yield op 
Y<U’N(j A!*ple Tuees. 


Plat 

Treatment 

A\ erage 
increase 
in girth 
in< hea 

Gain 
over 
lowest 
per vent 

Estimated 
bloom 
1914 
per cent 

Yield 

1914 

pounds 

General 

rank 

1 

AUviiuTii re«l clover. , . . 

. 7 60 

13.1 

0.3 

0 00 

8 

2 

Alum moth eJo^ or . 

7.17 

6.7 

0.0 

0.00 

11 


Alsike elover. 

. 6 8:) 

1.9 

0.2 

0.00 

12 

4 

('rimson elover . 

. 7.77 

15.6 

0.2 

1.25 

7 

T) 

Hairy vetch . 

. 8 07 

20.1 

0.5 

0.50 

3 

6 

Cow]teas (bla<^k) . 

. 6.72 

00 

1.0 

0,00 

13 

7 

Soybeans (llollybrook) 

.. 7.98 

18.8 

0.2 

0.00 

5 

8 

Oats and Canada peas. 

. 7.93 

18.0 

1.5 

0 00 

6 

9 

Bye . 

. 7.r>2 

11.9 

0.2 

0.25 

0 

10 

Millet . 

. 8 02 

19.3 

0.3 

1.25 

4 

11 

Rape and turnips. 

. 7.29 

8.5 

0.2 

0.50 

10 

12 

Biu* It wheat . 

. S 15 

21.3 

0.1 

0.50 

2 

13 

Alfalfa (used as mulcdi) 

. 8.83 

31.4 

15.0 

8.75 

1 


In this case also it is a notable fact that the mulched and un¬ 
tilled trees associated wdth the permanent cover of plat 13 are again 
in the lead. In addition to this, the alfalfa has produced all the 
mulching material required and some surplus besides, especially in 
the earlier years. The mulching moreover, has always been heavy 
enough to keep dowm practically all growth immediately above the 
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majority of the feeding roots ot* the trees, and this is probably es¬ 
sential for best results with this plant as the permanent cover, be¬ 
cause of its special affinity for both moisture and soil nitrogen. 

Ill a good alfalfa soil, however, it is quite possible to get an abund¬ 
ant mulch of this sort an<i still have a considerable surplus of good 
hay besides. In other words this particular method gives us a 
mulch and something oL* an inter (*rop at the same time, without 
any tillage and without any apparent injui-y to the trees, where 
the mulching and protection against mice are both sufficient. 

This- it will b(* observed is a relatively new idea in orchard de¬ 
velopment and the present method, or some modification of it, is 
evidently very w(4l atlapted for large acnmges, or for places where 
tillage and inter crops are not available. 

A similar new idea is suggested by the results in the adjoining 
buckwheat plat. Its trees are now showing the best gains of any 
of the annual tillage treatments. This may l)e due partly to a slight 
advantage that it apparently has in location, but without tliat ad¬ 
vantage, the biK'-kwheat would evidently still rank high. It is also 
probable that the gen(*ral good (‘liVcts of this i)lant are not depend¬ 
ent in any way u])on the return of the grain to the soil. It there¬ 
fore could well be harvested by heading or high cutting and thus 
givii the unusual exainple of a combinecl cover crop and inter crop, 
which also exerts no apj)ar<mt ill-efteed on tlie tr(‘es. This crop, 
moreover, is esi)ecially good wht*re an or(*hard is being developed 
on so-called new ground, and a crop is desired to ke(q> down the 
second growtli of sprouts and underbrush. 

The vetch continues to show a betPu’ effect on the adjacent trees 
than any other of the annual legume covers. This is not surprising 
when its nitrogen-fixation, its shading habit of grow'th and its very 
low moisture demands are n*calle(l. This plant also has consider¬ 
able promise for use as a permanent cover ami mulch producer. 
It usually forms an abundance of seeils by tin* middle of duly or 
earlier, after which it can ))e cut and left where it lies for reseeding, 
and tlien be brought up around the trees as a mulch. Running over 
the loose vetch with a roller or similar implement before raking it 
around the trees may assist in shelling out the set*ds where they are 
needed, and a light discing or harrowing after the raking should be 
helpful in increasing their germination. 

Among the non-legiiminous plants the higli rank of the millet and 
buckwheat is still evident, and the same is true of rape when used 
alone. We are unable to give any very satisfactory explanation for 
this, but the facts themselves are sufficient to attract favorable con¬ 
sideration to their use as cover crops, and this is especially true when 
their relatively low cost of seed is considered. The buckwheat is 
probably best from the economic standpoint as noted above, but the 
millet is very satisfactory where this use of buckwheat is not 
available. 

The seeding rates, relative cost in 1914, and genetSal dates and 
methods of seeding that we have followed in the annual cover crops 
are shown without further comment in Table VIII. 
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OSMOTIC RELATIONSHIPS AND INCIPIENT DRYING WITH 

APPLES. 

By W. 11. Chandler, 

Cornell University^ Ithaca, Y. 

The importaiiee ot* the proper adjustiiK^nt ol* tlie water supply iu 
fruit trees eoines to bt* i*c*cogmzt‘(l luorcj as experiiueiits iu fruit 
culture progress. Thus, experiments with tillage show that not only 
may insuffieitmt wattn* supply result in the rt»(iu(ition of the size of 
the tree, and tlius ne(‘essarily a reduction oL‘ tiie (*ro]) that it may 
bear; but with trees of ecpial size, the one iii sod and tlie other under 
tillage, the Ir-t^e in sod may set Ycry much small(*r crops, perhaps 
not only because of the greater tendency to altt*ruate, but also be¬ 
cause there seems to be a reduced per(;entage of set with a given 
bloom. On the other hand, iliiller-Thurgau has shown that in some 
cases tile June droj^ consists of fruits that liave beeji j>ollinated, and 
fall apparently only b(H*aus(‘ of exc^ess water supply. While soil 
conditions represeni liie largest factor in determining the water 
supply to fruit, yet tln^ nature of tht‘ tree also is a ratlier im})()rtant 
factor. Thus, ^Ewart has shown that the resistance to the move¬ 
ment of water in the sap wood as rapitlly as it must move to replace 
the water transpired by the l(;av<‘S, is ecjiial to tlu* forces of a column 
of water from six to thirty-three times the length of the wood 
througli whi<'h the water pa.sses. En<|uestionably there may b(‘ tis¬ 
sue in which the resistance is even much gniatei* than this. **Ilenner 
has recently added niindi to our knowh*dge t*oncerning the move¬ 
ment of water in plants. He tinds a smdJon in the stems that may 
be equal to the cahuilated osmotii^ strength of the (^(*lls of the leaves, 
provided the leaves are sufi[ici(*ntly wilteil that lh(‘ entire osmotic 
strength may be ap])lied. AVitli saturated leaves tlu^ smdion is of 
course small, but und<*r normal (toinlitions neither the leaves nor the 
stems are ev(‘r fully saturated. When leav(\s that have* been trans¬ 
piring rapidly are immersed in wattu* the suction continues until 
the leaves beimine saturated. When transpiration is in(U’(‘ased sud¬ 
denly the water intake is incr<*ased only gradually. The introduc¬ 
tion of resistance im^reases the su(dion. Negative ])ressures, which 
amount to several atinosj)her(\s, may r(tmain in the stems for some 
time after the leaves are removed. High negative pressure would 
not be equalized by suction of air, but only by intake of water* 


*Ewart, A. J.—Tlio As(*eut of Water in Trcjes. Trans. Boy. Soc. London, 
Sec. B, 198:4L8r, (1905); 109:541.302 (1008). Annals of Botany, 
24:85-105 (1910). 

♦^Renner, O,—Experimental Beitrage zur Keiintnis dcr Wasserbewegung. 
Flora Vol. 103:171-247 (1911). 

—Versuebe zur Moebanik der Wasserversorgung. Bor, 
Deutch. bot. Ges. 30:376-580 (1912). 
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^*Kraus, iu 1882, showed apparently that in ease both of fruits and 
of woody tissue tlie volume decTeased during the day and increased 
only at night or during rainy days. Last year 1 presented a paper 
in which it was shown that the osmotic strength of the leaf is much 
greater tliaii that of the fruit, these osmotic*, strengths being meas¬ 
ured by means of freezing point determinations of expressed sap. 
In the light of Reniic^r’s work we sliould ex])ect as a result of this 
that as the suction toward the leaves increased on account of trans¬ 
piration during the day (that is, unless the heaves are able to absorb 
water fully as rapidly as they trans[)ire it) they should tend to draw 
the A\at(*r from the fruit; and where there are large resistances in 
thci tree*, such as restrictions due to a slow growth, especially in the 
twigs to whicli the fruit is attached, we sliould expe(*t rather large 
suc*tions to dcwelop. If the growth of tlie fruit is dejiendcmt some¬ 
what on its having a rather continuous water supply so that at ap¬ 
proximately all times it ap[>roaches saturation, an extremely large 
leaf surface, esjiecially wherc^ there' are large resistances, should tend 
pc'rhaps at timers to t'cmIucc the size of the fruit. 1 cited ex])eri(mces 
to indi(‘a1(‘ that in practice this ]>henomenoii may sometimc'S be 
ol)S(‘rved. 

^Livingston has shown that under desert conditions there may be 
a fairly large reduc-tion in the percentage* of watcu* in the leaves 
that uould not be readily detci'tcMl by the a]>])earan(?(‘ of the* leaves; 
in oth(*r words, an incipient drying. During the i>ast season 
Mr. A. d. llcdnicke and 1 have been conducting some preliminary 
studies con(*erning in<*ipient drying of both heaves and fruit of the 
ap])le at ltha<*a, N. Y. Lc*aves vvcu’c gathm’cd at varying times of 
the day and pla(*ed immediatedy in weighing bottles with ground 
glass stoppeu’s, and weighed and dric*d to a eonstant w<‘ight in an 
electrie ovem. Moisture dedermiuatious of the fruits wc're made 
gemu'ally by taking three apples that apparently re])resented about 
the av(»rage size from tlie tree, a sauijile from eaeh apple being cut 
with a eork borer f?*om the surface to the* (‘ore and put in eaeh of 
thrc'e bottles. Later, thrc'e or more additional samples were taken 
and placed in bottles liottic containing the tissue from one 

apple only. Thus, the error due to the ditTereuce iu moisture con¬ 
tent of different ajiples could he separated from error in taking, 
drying and weighing the samph's. 

The first samples, heaves only, were taken on June 24. Tii the 
samples taken at 8:30 A. M. the average moisture content was 6:11 
per cent; in those taken at 12:00 M. the average eontent was 62.6 
per cent; in the samples taken at 5:30 P. M. the average moisture 
content was 64.07 per cent. Shortly before the last sample was 
taken tliere was a light shower of rain so that the leaves contained 

**Kraii», Gregoe—Vber dio Hasservertheilimg in der Pflanze. Die tag- 
1u*he Schwelhingsporiode cler Pflanzoa. Ahhandl. d. nourf. Ges. zu 
Halle. Bd. XV, p. 2ai--319 (1880-82). 

*LivingRton, B. E—The Relation of the Daily March of Transpiration to 
Variations in the Water Content of Foliage Leaves. Bot. Gaz. Vol. 
63:300-^330. 
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a higher moisture content than those taken at 8:80 in the morning. 
It could be seen that there was slight incipient drying. These leaves 
were taken from a Fallawater apple tree that was under good culti¬ 
vation, and had been severely pruned in the spring so the water 
supply w as exceptionally good. 

On July 17, leaves and fruit were taken from a very old Tompkins 
King tree which stood in sod, so that in addition to the ill effect of 
the sod there were probably large resistances to water movement in 
the wood. However, the tree had been pruned rather thoroughly 
during the previous winter. The following table gives the results 
obtained: 

Moisture Content of Leaves. 



Average percentage 

Reduction 


Time samples 

of water in leaf 

in percentage 

Probable 

were taken 

four determinations 

of w^ater 

error 

4:30 A. M. 

63.80 


.07 

9:45 A. M. 

62.39 

1.41 

.00 

12:30 P. M. 

60.82 

2.98 

.44 

3:45 P. M. 

61.65 

2.15 

.21 

6:00 P. M. 

64.50 increase .70 

.60 


Moisture Content of Fruit. 



Average percentage 

Reduction 


Time samples 

of water in fruit 

in percentage 

Prol)a])Ie 

were taken 

four determinations 

of water 

error 

4:30 A. M. 

88.60 



9:45 A. M. 

88.36 

.24 

.11 

12:30 P. M. 

88.10 

.50 

.06 

3:45 P. M. 

88.13 

.47 

.06 

6:00 P. M. 

88.15 

.45 

.04 


It will be seen that there are fairly large incipient dryings in 
the leaves and appreciable incipient drying in the fruit, yet the 
evaporation was not large on the day these samples were taken. 
At 8:45 P. M., when next to the last samples were taken the weather 
was becoming cloudy, and it will be seen that the moisture content 
was going up slightly, while just before the samples were taken at 
6:00 P. M., there was a fairly heavy rain, and the moisture content 
of the leaves was somewhat larger than at 4:30 A. M., though all 
moisture was rubbed from the surface of the leaves. It is interest¬ 
ing to observe that though the leaves regained their normal moisture 
content when the atmosphere became humid, the fruits continued 
with their reduced moisture content even up to 6 ;00 P. M,, though 
perhaps there was slight rise in moisture content by that time. 
While the difference in the case of the fruits seems small, the prob¬ 
able error is also small, and it should be considered that since the 
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moisture content of the fruit is so large it requires a very large loss 
of water to appreciable lower the per cent of moisture. Thus, if 
the moisture content is 90 per cent, then in 100 grams of tissue there 
would be 90 grams of water and 10 grams of dry matter. Let us 
assume that 10 grams of water should be lost then there would be 
left 80 grams of water and 10 grams of dry matter, and the per¬ 
centage of moisture would be 88.89; in other words, a loss of 10 per 
cent of the total \veight of the tissue wmuld change the percentage 
of water only 1.11 per cent. I'hen, in the case of the Tompkins King 
fruit at 12:8() P. M., W'here there is a reduction of the moisture con¬ 
tent amounting to one-half of one per cent, the w^ater loss would 
have been approximately 5 per cent of tlie w^eight of the tissue. 
These decreases with the fruit are in line with what would be ex¬ 
pected from wiiat was said (ioncerning suctions in the plant. Thus, 
since the osmotic strength in the leaf is greater than that of the 
fruit, Avhen there is inci})ient drying of the leaves a strong suction 
towmrd the leaves slimild develop and there should be a tendency for 
the water to move from the fruit to the leaves. However, since this 
wmter should move rather slowiy there sliould be a small change in 
water percentage in the fruit during the early part of the day and 
the incipient drying should show* earlier with the leaves than with 
the fruit. Since tliere can bo but little suction towmrd the fruit, 
which h^is an osmotic strength no greater than that of the woody 
tissue, if the w'atc^r is once removed from tlie fruit it should be very 
slow in again reaching its normal moisture content. Tlie moisture 
content should thus remain low in the fruit Jong after the leaves 
have b(‘come fully turgid. This is in aecordance with the results 
shown in the table. No other determinations were made from trees 
in sod. Several w*ere made from trees under good cultivation, some 
showing slight incipient drying and some none, depending on the 
rate of evaportation for the day they were taken. 

On September 22 fruits w^ere detached from a Baldwin tree and 
tied in the tree. At four o’clock in the afternoon these fruits w^^ere 
taken, and with them as many fruits that had been left attached to 
the tree. The following statement gives the result obtained; 

Probable 

Percentage error 

Moisture in detached fruits (average of 

five determinations) . 89.44 .14 

Moisture in attached fruits (average of 

six determinations). 88.86 .08 

Amount of moisture reduced by suction 

of water toward the leaves. .58 


This shows conclusively that the fruits had lost the water by its 
being drawn from them toward the leaves since the detached fruits 
had lost very little water if any, and evaporation direct from the 
fruit should have been as great with them as with attached fruits. 
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The amount of water evaporated on July 17 from an atmometer 
near the Tompkins King tree from which samples were taken, was 
after standardizing 23.9 e.e. The total amount evaporated on Sep¬ 
tember 22 when the above mentioned Baldwin samples were taken 
was 26.1 e.c. The average daily evaporation from July 1 to Octo¬ 
ber 1 was 19.8 e.e. The total number of days during these three 
montlis with a higher evaporation than 23.9 e.e. was 32. The soil 
was rather dry when the Tompkins King samples were taken, but 
there had been abundant rain i)reeeding the date when tlu^ ihildwin 
samples were taken. At the Missouri Botanical Oardens during 
these three months for one season the average evaporation from a 
standard atmometer was, ac^eording to Livingston, 26.3 c.<*. Thus, 
in that section the average daily loss during July. August, and 
September, was great<‘r than that on which W(* found fairly marked 
incij>ient drying of Iea\es and fruit of a Toiu}>kins King tree in sod. 

Those results, if they are vtuntied hy numerous other determina¬ 
tions, would iiuli(*ate that a large leaf surface may not always be 
favorable to the i)rodn('tioii of the largest fruits, though the leaf sur- 
fa(*e is often used as a measure of the valiu* of eertain orchard 
treatments. Of course, we should make it plain that we do not think 
the eiTecit of large leaf surface in drawing water from the fruits at- 
times is a determining factor so far as size of fruit'is ('om^erned. 
It certainly can not l)t‘ except jierhaps in s])eeial (*hs{*s. In fact, it is 
not claimed that thes(‘ results have large* praedical bearing. It is 
only hoped that they point out one of tlie many ])ossihle sonree‘s of 
error, or one of tlie many faets (concerning the nature* of the* tre*e 
that must he recognized in planning and interpreting experime*nts 
that are expect(*d to give practieml information, and espe*cially in^ 
correlating the results of experiniemts on any orchard (*nlture ])rob- 
lems ('ondiieted und(*r cliffert*nt climatic conditions. 

A PRELIMINARY CONSIDERATION OF ONE PHASE OF METEOR¬ 
OLOGICAL INFLUENCE ON PLANTS, INDICATED BY 
HAND POLLINATION OF SEVERAL COM¬ 
MERCIAL VARIETIES OF APPLES. 

By \V. F. Feetctikr, 

IL S. Dept, of Agr,, Washington, D. C, 

That atmospheric conditions have a marked effeed on the viability 
of ])olleri and the receptability of the stigma in the fertilization of 
ovul(*s of all flowering plants has long been known. What this 
effect is, however, or what conditions are favorable and wlmt ones 
are unfavorable have in nearly all eases been merely conjecture^ 
The old saying '‘An east wind blights the fruit,often heard in 
the northeastern fruit regions, couples the effect with one of the 
phenomena usually attendant on the cause. In that section of 
country the east wind generally is accompanied by a long, cold^ 
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rainy spell, which, if coincident with the blossoming period of the 
fruit trees washes away tlie pollen and places a physical barrier in 
the M ay of setting fruit. 

The temperature factor was studied at the Iowa Stiite Experi¬ 
ment Station and the results published in bulletin No. 13, 1901. 
This publication states that temperatures at different limes do have 
a bearing on the potency of pollen and the fertilization of ovules. 
It was demonstrated tluit unsacked corn pollinated at sunrise gave 
better results than that ])ollinat(‘d at any other time of day. 

The rate of evaporation and humidity in the atmosphere was 
touched upon in a (lerman article by M. Pfundt (Jahrb. Wiss. Bot. 
IPringsheiml, 47 (1909), No. 1. i)p. 140 dgm. 1). This publication 
treate(l the subject from the intiuence of air moisture on the dura¬ 
tion of fertility in xiollen. A summary of this article states that in 
no case were the pollen tubes found to withstand drying and the 
moisture recpiir(*d to ])reserve the vitality of pollen for any length 
of time varied greatly in different, species, as also did the temi)era- 
ture at which the polhm g(‘rminated. 

These factors, t<‘mp('rature and air moisture, influencing the set 
of fruit on hand-pollination of apples in the Shenandoah Valley at 
Cicrrardstown, West Virginia, were so marked by effects as to cause 
a study of some of the meteorologi(*al conditions governing tempera¬ 
ture and air moistur(\ For six years, lOGo to 1910, inclusive, tests 
wer<‘ made in the saim' or<*hard, covering several ^»ommercial varie¬ 
ties of ap])les in different ('omhinations of meteorological conditions. 

91ie results of this work forced the author to cei'tain conclusions. 
These conclusions were only accepted after being borne out consist- 
Vntly throughout the whole set of tests, and offer tiie simplest ex¬ 
planation of the behavior of apple blossoms under the influenee of 
local conditions existing at the lime of lln^ work in (jiiestion. The 
following comduvsions are tlnuvfore jiresented to indicate a line of 
res(»arcli which has heretofon* received littl(» careful scientifie study. 

1st. “Tin* sterility or fertility of apple blossoms depends largely 
upon local conditions. In this statement due allowance is made for 
the tendeiKues of different varieties toward light or heavy crop set¬ 
ting chara<'t(‘r or productivity.’’ 

2nd. “The aflinity between two varieti(*8 is governed by local 
conditions immediatolv attendant on pollination.” 

3rd. “Periods of rapid evaporation, that is, high temperatures, 
strong winds and dry air at the time of receptivity of the stigmas 
are detrimental to the setting of fruit.” 

4th. “The shock or the effect of undue exposure to the pistils 
previous to their natural o]>ening or at the time of receptivity is so 
great and varies so much under slight changes of atmosjdieric con¬ 
ditions as to negative all comparative work in hand-manipulated 
cross-pollination.” 

In 1905 the highest per cent of fruit set was from blossoms 
emasculated ou the morning of a comparatively cool day with light 
wind, and pollinated on the morning of a cool, cloudy day. The 
lowest per cent was from blossoms emasculated on a clear, hot day 
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with strong wind/ and pollinated on a clear afternoon. 

Jn 1907 the highest per cent was obtained from pollinations made 
during a day when the maximum temperature reached only 51 F. 

Jn the year 1908 the Arkansas primary blossoms emasculated on 
April 17 when tiie thermometer was between 80- and 57.5‘^F., and 
pollinated by Grimes on April 22 when the thermoim^ter was be¬ 
tween 88.5 and 78.5 F., were the only orjes that set fruit. Other 
pollen, ex(‘ept its own, was applied to the Arkansas primary blossoms 
during days when the maximum reached 84.5 'F. or above, and they 
set no fruit. Of the sei'ondary blossoms of the Arkansas the only 
ones to set fruit were those emasculated on April 21, when the maxi¬ 
mum reached only 58.5 F., and pollinated by Grimes on April 27 
at 2:30 F. M. When this liollinating was done the atmospliere was 
hazy, a liglit wind was blowing, the temperature was about 80 ^F. 
and the humidity was 00 pen- cent. 

The blooming season of a])ples in 1909 was very cold and dis¬ 
agreeable for outside work and observation, yet considtu’ing the 
light bloom on the trees there was a heavy set of fruit whi(*h pro¬ 
duced a good crop of a])ples. 

The freeze of April 80, 1909, may have had a good deal to do with 
the results on Arkansas and Winesap. The blossoms emasculated 
before that date s(*t no fruits. Of these varieties all the sets were 
obtained from blooms emasculated and pollinated at the sanu^ time 
before 9:30 A. M. on May 4. 

The Grimes X Hen Davis cross handled entirely on clear days 
failed to set a singh* fruit iii 1909. This is in contrast to th(‘ good 
results in 1905 and 1907. 

Tn 1909, all of the Hen Davis fruits obtained from primary blos¬ 
soms werti on the north side of the trees, as were nearly 19 per 
cent of those produced by secondary blossoms. All of Hie latter 
were pollinated Ixdore 7:80 A. M. or after 5:80 P. M., and two- 
thir<ls of them set on the east and southeast sides of the trees; of 
these 60 per eent were iiollinated after 5:80 P. M. 

The weather conditions during 1910, though favoruhh* to a fair- 
set under natural conditions, were not so well suited to hand cross¬ 
pollination work. Rapid evaporation as indicated by wide psy- 
crometer readings, and clear windy days, though cool, i-baracterized 
the time during wiiich the emasculation had to be done. The same 
conditions prevailed during the pollination period exce])t after 3:30 
P. M. on April 11 when very little wind, a cloudy sky and an oc¬ 
casional sprinkle of rain more than balanced the psycrometer read¬ 
ing of tol7.5°P\ 

During the year 1910 out of one lot of 50 fruits, 19 w^ere from 
blossoms pollinated while the sky was cloudy and a light sprinkle 
was falling, but there was very little if any wind. 

In the case of single operation crosses, emasculation and pollina¬ 
tion being done at the same time, some blossoms were handled at a 
comparatively high temperature while others were handled at 35®P* 
lower temperature, and a psycrometer reading 20°P. less. 
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The blossoms handled during the lower temperature set five and 
one-half times more fruit than those handled during the higher 
temperature. 

The time of day factor for pollination was emphasized by the 
blooms cross pollinated between 10 ;30 A. M. and 3:30 P. M, setting 
26 per cent less fruit than did the blooms cross pollinated before 
10:30 A.M. 

The following statement will give some idea of the effect of at¬ 
mospheric conditions. Here is shown the per cent of set obtained 
during the six years on (1 rimes and the condition of the atmosphere 
at the time of emtiS(*ulation and pollination: 


Year 

Per cent of set 

(Condition of sky 
at emasculation 

(Condition of sky 
at })olliiiation 

1905 

12.4 + 

Hazy 

Hazy and cloudy 

1906 

0.;)5-i- 

(fiear 

Clear 

1907 

19.21 + 

Cloudy and foggy 

Partly (doudy 

1908 

6.14+ 

Clear 

Clear and cloudy 

1909 

1.66+ 

Clear 

Clear 

1910 

8.5 + 

Clear 

Clear 


How weather conditions may affect the yield of commercial 
orchards is shown in the following tabulation of conditions taken 
fronj the nearest Weather Bureau Station. The yields in barrels of 
the same orchard in whi(*h the pollination work was done is shown. 
The ‘‘days above 80 F.” are for the actual blooming period. The 
mean maximum is for the month during which the blossoming 
period occurred. 


Year 

Days above 80 

Mean Maximum 
Temperature 

F. Degrees 

Yield in bbls. 

1902 

8 

70 

379 

190:{ 

2 

59 

2934 

1904 

1 

60 

4287 

1905 

2 

64 

3684 

1906 

6 

73 

600 

1907 

2 

64 

2100 

1908 

4 

68 

2300 

1909* 

0 

66 

2240 


*Maiiy trees not blooming and the others with only about 50 per cent of full 
bloom. 

Owing to the number and complication of factoids entering into 
the fertilisation of flowers and the production of fruit, these data 
and conclusions are in no way to be considered as final. They do, 
however, point to a field of investigations which is at present but 
little explored and a relationship between meteorological conditions 
and the pollination of flowers which may prove the barrier between 
the hybricfization of species. 




120 


THE SOCIETY FOB HORTICULTITRAL SCIENCE. 


THE STUDY OF APPLE TREE CHARACTERS AND ITS BEARING 
ON VARIETY SUBSTITUTION. 

By J. K. Sh \vv, 

Massarhuscits Af/ricullural (UiHige^ Amlicrsi, Mass. 

Th(‘ failure^ of varieties to come true to 7iame is one of tlu' serious 
difficulties ol' the orchardist and one that seems to be on the in¬ 
crease. In a variety oreiiai*d recently i)lant(»d at the Massacfiiusetts 
eollefre between t(*ii and fifteen per cent of the trees planted have 
proven untrue to namt* and complaints oi* similar experience are 
received in consideraf>Ie numbers every year* from jifrowers in various 
parts of tlie state. 

The responsibility for tliese misnamed trees r(‘sts witli the 
nurserymen and is due sometimes to deli])erate deception, sometimes 
to gross carel(‘ssness and sometimes to tlu* unavoidable errors of 
human weakness. Errors in the nursery may oc<*ur through the 
mixture of buds in the nursery, an error tliat om^e 0 (^c.urring is mul¬ 
tiplied with the passing nurs(‘ry g(‘m*rations. or to mistakes in label¬ 
ling at the time of digging and storage or at shipmemt. Tlu» errors 
of mislabelling may b(‘ overeoine b\ superior business organization 
and supervision, and this would likewisi* ])revent bud mixtures onee 
a pure stock was obtaim*d. In securing and maintaining a' pure 
stock in the nursery a more expert kiiow’hHlge of 1)-ee (diaracters 
would be exeecwlingly helf)ful and the (lis<Missi()n or this phase of 
the problem is ttn^ main jmrjiose of the pajxn*. 

In the <‘arly days of pomology great attrmtion was given to the 
study of vari(‘ties and at tin* pn^sent day almost every college mak¬ 
ing an attempt to leaf'll tin* suhje<'t at all rnily, olTm’s one or more 
courses in systfunatif* iiomology. So far as the knowledge' of the 
wrilf^r goes all earlier w riters and the modern (*ours(‘S in systfunatit* 
pomology lay by far tiie most stress on fruit eliaraete.rs. Bensons 
why this is so are obvious and yet is it not tinu* for a mon* s»n‘ious 
and aderpiate study of tree characters in their relation to both eom- 
mercial operations and taxonomic questions. A brief study of the 
tree (diaraeters of apples during tlie past two or thrc'e years has eon- 
vinc(‘d the wu-iter that they offer almost if not quite as good oppor¬ 
tunity for the identification of varieties as those of tln^ fruit, and 
that there arc? many tree eharaeters not adequatfdy described lu 
text books dealing with systematic pomology. IMie most favorable 
period for the observation of tree characters is probalily late duly, 
August and September. After leaf fall some of th(» characters of 
the bark and bud are more in evidence but the many eharaeters of 
the leaves have lieeii lost. 

^ Th(^ size and vigor of the trees are of some value in the identifica¬ 
tion of nunsery stock but they are, of course, greatly depend<'ut on 
cultural conditions and must, like all size characters, he considered 
with good .iudgment. In young trees the form, so useful in the iden¬ 
tification of mature trees, is not assumed, but it is indicated in some 
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measure })y the angle formed by a branch and the main shoot. This 
should be observed where the main shoot is upright and the bi;j|jich 
vigorous and free. Tluj size of ^le shoots, whether stout or slender 
and the length of the internodes are characteristic in many varieties ♦ 
and should always be observed. 

The color of the bark is often characteristic and by it many varie¬ 
ties may be quite j)ositively known. It changes with the season be¬ 
ing some shade of olive green during the growing season and becom¬ 
ing a reddish or yellowish brown with the falling of tlie leaves. 
Bark color is moiu* easily recognized than described. The nature of 
the surface of the bark, wliether smooth, rough, sliiniiig or dull and 
the amoujit and nature of a scarf skin and, during the growing sea¬ 
son th(i aimndanee and nature of the pubeseenee on young slioots 
will be found useful. 

Among the ehara(*tt rs of the bark about tlu^ most dependable are 
the leiiticels. These are in some varieties very abundant and in 
others V(‘ry scattering; they vary much in size but this seems to be 
somewhat subjetd to (niviroiimental eoiiditions. in some varieties 
they seem to he distinctly raiserl above tl!(‘ surfa^'c wliile in others 
th(‘y are even with it. This distinction, thouirh sliglit seems to be 
remarkably (constant. 

The tM)lor of th(‘ wood sometimes ditTers with the variety, also its 
fl<*xibiljty, some vari(di(‘s being stiff and <*asil\ broken, others 
notalily willowy, bending much ])efore breaking. 

Tlu‘ siz<‘ and form of tin* lateral buds v\ill be found to )»e of fre- 
qmml sigiiihr-aiK'e, also their ])osition, wliether clinging closely to 
the slioot or standing free from it. 

Although the individual root s\stems of uurs(0‘,\ tiees are of seed¬ 
ling grow’tli and therefore differ every one from its neighlmr. they 
are so <'ontrolled by the growing bud that each assumes a form more 
or less e]mraeteristi<' of the varietv. In many cases the nursery¬ 
man ret'ognizes positively the variety by tin* form of the root system. 

All thes«* cbaracter.s are available wiietln*r or not the tree is in an 
active (‘oinlition but most of tlnmi are most eieaiiy seen wiien the 
tr(M* is dormant, they are tlierefori* especially valuable in the identi¬ 
fication of nursery stock. Any one thoroughly familiar with the 
dormant tree should be able to recognize the beading varieties or at 
any rate to tell if a given lot of trees is of tiie variety stated, a prob¬ 
lem that is much simpler than to correctly identify an unknown 
variety. 

When the trees are in an active growing condition we have the 
added eharacters of the leitves which in our experience are even 
more valuahle than those of the dormant tree in the identification 
of A^arieties. Jn fa(*t it is ]>ossible to identify many varieties of 
apples Avith reasonable certainty from the characters of the leaf 
blades alone if the trees are young and in a fairly vigorous groAV- 
ing condition. 

The length and size of the petiole and during the latter part of 
the growing season the amount of color thereon are often character¬ 
istic. The size and form of the stipules Avill often be found useful. 
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The many characters of the leaf blade are extremely helpful and 
some of those that we have found especially valuable do not seem to 
be generally very (dearly recognized. The size of the blade is of 
(iourse largely dependent on the vigor of the tree but one may 
usually make due allowance for this. Rhode Island Greening and 
Falla water leaves will always be relativ(dy large and Jonathan and 
Huhbardston leaves relatively small. Tn some varieties such as 
Wealthy and McMahon the leaves are fiat w^hile in Jonathan, 
Wageiier and Grimes they are strongly folded upward. Other 
varieties are intermediate and in Baldwin and Ytillow^ Transparent 
the folding is of a peculiar character not easily described but read¬ 
ily recognized winui once known. In either folded or flat leaves the 
two sides may be even or they may be more or h^ss waved or 
wrinkled. Jonathan, Northern Spy and Tompkins King are waved 
wiiile Maiden Blush, Winesap and Baldwin leaves are even. In 
wninkled leavers the uiidnlations are finer than in w^aved ones. 
Varieti(*s that approach tliis leaf condition are R(‘d Astraiiian and 
Wolf River. In any such leaves as these? the midrib may be straight 
or it may be (*urved backward and downward in wiiich case the leaf 
may be said to be reflexed. Oec^asionally, as in Rhode Island Green¬ 
ing and Stark there is a tendency for the h^af to be reversely curved. 
Examples of varieties having straight midribs are Oldenburg, Falla- 
water, Winesap and Grimes while in Hubbardstoji, Rw^ec^t Bough, 
Wagener and Red June the midrib is reflext^l. 

Tile various possible (Himliinations of tliese eharaiiers give 
peculiarities enabling one to <iuite positively recognize a great many 
varietic^s, in Massachusetts at h^ast. Ilow’ (*onstant th(\v may be the 
country over we are at present unable to say though w'e feel <^uite 
confident that tliey are not confined to one section. It should be 
added that these characters are best observed from midsummer on. 

A few’’ varieties (iiaracterized by the following .ty]>es of leaves may 
be mentioned: 

Baldwin—folded, even and straight or slightly reflexed. 

Ben Davis—folded, somewhat waved and sometim<*s reflexed. 

NoHliern Spy—partly folded, waved and slightly refle^xed. 

Jonathan—folded, waved and sometimes reflexed. 

Yellow Newtown—folded, nearly even and reflexed. 

Winesap—sometimes partly folded, even and straight. 

Rhode Island Greening—nearly flat, almost even and straight 
or reverse? curved. 

Oldenburg—nearly flat, slightly waved and straight. 

The outline of apple leaves generally approaches oval, but in 
many varieties it varies toward ovate, roundish or oblong, with 
varying width of the base and apex. Sometimes the leaves form a 
narrow angle with the shoot ami may be said to be erect while in 
others they form a wider angle and may be said to be spreading. 
Examples of the former are Noilihem Spy, Pewaukee and Wagener, 
and of the latter, Oldenburg, Rhode Island Greening and Wealthy. 
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This character is probably correlated with that of the angle of the^ 
branches to which reference has been made. 

A <*,lose study of the leaf edges or serratures will afford a basis 
for tlie partial or complete identification of many varieties. Some 
are sharply serrate, others diill serrate or even crenate while some 
approach a dentate form. Examples of sharply serrate leaves may 
be found in Rhode Island Greening, Chenango and Fall Pippin ; the 
Maiden Blush, Arkansas and >Sutton are a duller serrate while 
Milwaukee, Peck Pleasant and McIntosh an* almost or quite crenate. 
The size of the serratures varies with the size of the leaves but tak¬ 
ing this into consideration, it offers aid in identifying varieties. 
The serratures of Porter, Fall Pippin and Wagener are large while 
those of Walbridge, Williams and Maiden Blush are relatively small. 
Sometimes as in Baldwin the individual serratures are (mrved for¬ 
ward while in others as Dominie they are straight. The depth and 
width of the spa(*es between the serratures differ. They are deep in 
Fall Pippin and shallow in J^rimate, McTjitosh and Gaiio: wide in 
Rhode Island Greening and narrow in Baldwin. In some varieties 
the serratures an; fairly regular, in otlno's irregular and in some 
there is u tendency to dou})leness. Tin* thickness and stiffness of 
the leaves vary much as does also the texttirc of the surface. In 
some varieties the distribution of the veinlets gives a coarse texture, 
in others it is a tine texture. There is also much significance in the 
amount and nature of the pubescence on the under surface of the 
leaves and in their eolor, this varying from a bluish or grayish green 
to a light or yellowish gref*n. The latter may of course be much 
modified by the health and vigor of the tree. 

The foregoing is a brief survey of some of the tret* characters of 
af)ples that are of value in identifying varieties. There are many 
others of lesser or possibly etpuil value, l^robably tin* study of other 
groups of fruit would rev(*al etiually good opportunity for the iden¬ 
tification of varieties. An amount of study equal to that usually 
given to fruit in a thorough conrst* of systematic pomology ought to 
train students to recognize varieties by tree characters as x>ositiveIy 
as they now' do by fruit characters. If in addition to tiiis training 
they become fairly familiar with general nursery practice, so that 
they may be of use to the mirser>mian throughout the year, they 
will doubtless find ready employment in nursery w^ork with good 
prospects for future advaneeiuent. They may thus lx* in a position 
to do mmth to lessen the vexation arising from variety mixtures. 

The solution of the problem of variety mixtur-es must lie in the 
hands of the nurseryman. No one else is in a position to bring about 
the day when variety mixtures shall be no more. It is our belief 
that most nurserymen are ready to do what they can to hasten the 
time though perhaps they do not feel the problem so acutely as the 
orchardist who has experienced the disappointment of planting 
McIntosh and picking Ben Davis. Is not the problem worthy of 
study and cooperative effort on the part of the horticultural investi¬ 
gator and teacher ? 
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The following descriptions are intended to apply to trees from 
the age of two to live or six years as they appear during late sum¬ 
mer or early fall: 

Baldwin. Tree large, upright, spreading, moderately dense, 
vigorous; shoots, medium length, medium to stout, not curved, some¬ 
what diverging; iiiternodes mediiiia; bark yellowish olive, smooth 
and shining, medium thick with little pubescence; lenticels medium 
in number, size medium or above, generally oval, brownish gray, 
raised; wood rather soft, quite flexible; buds medium size, broad, 
roundish, lu'arly free, somewhat pubescent; leaf petiole medium 
length, considerably tinged with red; leaf blade medium or above 
in size, folded, (‘\en, straight or slightly reflexed, broad oval, nearly 
erect, base round(?d or rather broad, apex broad 1o very broad; 
serratures rather sharply serrate, strongly forward, often curved, 
medium size, rather deep and fairly irjvgular, close set, texture 
smooth and tine, pubes(*em‘e little, short. 

Btn Davis. Tree above medium to large, up right-spreading, 
drooping with age, quite dens(% vigorous; shoots nuKlium long, 
rather slender, diverging, slightly curv(‘d, internodes shoil; bark 
medium, reddish olive, m(‘(lium thick, .somewhat pubes(^ent; lenticels 
very few, medium size, roundish, brownish gray, raised; wood hard 
and flexible; buds medium size, broad-obtuse. ap])ressed; leaf j)etiole 
long, iTKHlium size, W(‘ll tingetl; leaf blade sirudl, folded, somewhat 
waved, sometinn^s r<*fi(‘X(Hl, narrow oval, spreading; base narrow 
to very narrow, apex gmierally medium, rather thin, serratun‘s dull 
serrate or (U’ena1<% moderately forward, somewhat curved, slightly 
shallow and quite* irregular, texture flue, smooth, puliescence much, 
wooly. 

Gano. Tree medium siz(*, roundish, s]>reading, drooping with 
age, moderately dejise, vigorous; shoots medium length, rather 
slender, div(*rging, spread or slightly (Uirved with long iiiternodes; 
bark medium yellowish olive, rath(‘r thin; lenticels few, medium or 
small, roundisli, rather dark gray, raiseil; wood m(*dium hard, rather 
stiff; buds small, obtuse and appress(*d; leaf petiole long, slender, 
(considerably tinged; leaf blade small, somewhat folded, sometimes 
waved, straight or slightly r(*flexed, narrow, oval, s])reading; base 
generally narrow, apex narrow, serratures crenate, forward, medium 
deep to very shallow, not curved, fairly regular, texture medium, 
smooth, pubescem^e medium, wooly. 

Grimes. Tree medium size, roundish, spreading, moderately 
dense, quite vigorous; shoots medium length, medium to slender, 
ascending or erect, internodes medium; bark dark olive green, dull, 
rather thi(*k; lentieels many, small to meduim, roundish, medium 
gray, nearly even ; wood quite hard and quite flexible; buds small to 
medium, obtuse to acute, partly free; leaf blade medium or below in 
size, strongly folded, waved, nearly straight, medium or narrow, 
oval inclining to ovate, erect; base narrow, apex medium to narrow, 
serratures distinctly serrate, well forward, medium or above in size, 
moderately deep, rarely slightly curved, irregular, texture medium, 
pubescence little, short. 
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Jonathan. Tree large \vheu young, spreading, open, moderately 
vigorous; shoots rather short, ver>^ slender, spreading, nearly 
straight; iiiternodes medium; bark clear yellowish olive, thin; lenti* 
cels medium or below in number, medium size, roundish, medium 
gray, slightly raised; wood soft and flexible; buds medium size,‘ 
rounded, free; leaf jjetiole short, rather slender, well tinged with 
pinkish red; leaf blade vt^ry small, folded, waved, sometimes re¬ 
flexed, oval, rather spreading, base narrow, apex medium, serra- 
tures generally dull serrate, rather indistinct, and generally well 
forward, medium or rather small, shallow, otten (uirved, irregular, 
text me rather coarse, j)ubes(‘enee medium, short. 

Maiden Blush. Tre(‘ above medium in size, upright, roundish, 
moderately d(*iise, vigorous: shoots long, rather slender, slightly 
<‘urved; internodes very sliort; bark medium greenish olive, rather 
dull and smooth, thick; lentieels medium or above in number, 
medium size, roundish, medium gray, even or very slightly raisjii:^ 
wood hard and rat Inn* flexible; buds medium size, luedium-obt / 
free; leaf petioI(‘ juediinn or below in length, stout, tinged at bafc 
l(‘af blade ration* small. ]>artiy fold(*d, even, more or less reflexe* 
medium oval to ovatf*, nearly erect, base rather broad, apex niediui 
1(» fiarrow. serratures dull serrate, moderately forward, moderatel> 
<iet‘]>. not eurv(‘<l, small, irregidar with strong tendeney to be double, 
1<‘Mtur<‘ rather eoars(‘. ])nb(‘seenee little, wooly. 

McInhhJK T]*(‘e abort* tn(*dium to largt*, roiuidi.sh. s])reading, not 
<l(‘nse, vigorous; shools m(*dium or long, medium size, somewbat 
(Uirvcd, interiiodes nit'dium or rather short; hark medium greenish 
olive b(‘coming reddish on sunny side Iti late summer, rather thin; 
h*ntieels very many, medium size, generally roundish, brownish 
gray, distiinjtly raist*d: wood iriedium hard, (piite flexible: buds 
im*(lium or below in size, obtuse, nearly fn‘e: leaf petiole rather „ 
short, m<*diiim or rather sto\d, well tinged toward the base; leaf 
bladt* medium or abovt* in size, jjartly folded, even, somewhat re- 
flexed, ))road oval sometimes a{)proa<diing(H*ate, spreading, base 
rather broad, apex medium. s(‘rratures disfrrH'tly erenate, shallow, 
m(‘din!n or bt*]ow^ in size, fairly regular, texture rather coarse, 
puheseenee heavy, vv<)ol;v. 

Northern Spi/. Tree medium in size, upright, (juite dense, mod¬ 
erately vigorous; shoots long, medium size or rather slender, as¬ 
cending, slightly (*nrv(*d, internodes short to long: hark medium 
greenish olive, ratlu'r dull, rather thin; lentieels mediuiri in num- 
i)er. small to incdium in size, rourulish, medium gray, raised; wood 
rather liard and stiff; buds small, obtuse, appressed; leaf petiole 
generally long, raedinm size, well tinged in late sutnmer; leaf blade 
medium or below in size, partly folded, waved, slightly reflexed 
rather broad oval tending to ovate, erect, base rounded, apex 
mediutn to slightly narro\v, serratures medium serrate, well for¬ 
ward, medium or below in size, rather shallow sometimes slightly 
curved, fairly regular, texture medium, pubescence little and fine. 

OMenhtirg, Tree rather small, upright, spreading, open, only 
moderately vigorous; shoots medium to long, medium size, nearly 
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Straight, interriodes medium; bark dark reddish olive, rather dull, 
medium thick with little pubescence; lenticels medium or above in 
number, medium to large, roundish to elongated, light gray, slightly 
raised; wood quite hard, medium flexible; buds medium to large, 
roundish acute, free; leaf petiole long, medium size, considerably 
tinged; leaf blade rather large, nearly flat, slightly waved and 
straiglit, broad oval, spreading, base broad, apex broad to very 
broad, serratures dull serrate, medium size, medium depth, slightly 
curved, irregular, texture medium, pubescence medium in amount, 
short. 

Red Astrachan. Size, medium, form roundish, upright, moderate¬ 
ly dense, vigorous; shoots medium to rather long, medium size^ 
nearly straight, ascending, internodes medium; bark medium green¬ 
ish olive, smooth, dull, tliin with little pubescence; lenticels very 
few, medium size, roundish, medium gray, even; wood medium hard, 
rather stiff; ])uds medium to large, acute, free; leal* petiole medium 
medium size, sotnewiiat tinged in late summer; leaf blade 
dhther large, somewhat folded, waved or wrinkled, straight, oval^ 
^'d#reading; base rounded, apex ratliei* broad, serratures dull serrate, 
'^’ledinm size, medium depth, slightly curved, moderately regular, 
Mixture medium, pubescence medium in amount, 811011. 

Ronii Biautfj, Tree medium size, ujiright, medium density, quite 
vigorous; shoots rather long, medium size, straight, ascending, inter¬ 
nodes medium; bark clear light greenish olive, smooth, partially 
covered with scarf skin, rather thick; lenticels few, medium or aboxc 
in size, roundish, medium gray, nearly even: wood rather hard, mod¬ 
erately stiff; buds medium size, short, obtuse, appressed to partly 
.free; leaf petiole medium length, medium to rather stout, often coii' 
siderably tinged; leaf blade very large, nearly flat, almost even, 
straight, narrow to medium, oval tending toward ovate, very thin, 
erect or drooping in t^asc of large leaves, base rounded, apex medium, 
serratures medium serrate, rather small, moderately deep, well for¬ 
ward, not curved, fairly regular, texture smooth, pubescence little 
and short. 

Wealthy. Tree medium size, irregular, spreading, open, onh 
moderately vigorous; shoots medium length, rather slender, spread¬ 
ing or in*egular, curved, internodes medium or below; bark dark 
reddish-green olive, ratlier dull,, thin; lenticels medium in numb(»r. 
mediutri to rather large, generally roundish, light gray, nearly even; 
wood quite hard, (juite flexible; buds medium size, broad-obtuse, ap¬ 
pressed; leaf petiole inedium or above in length, medium size, 
tinged about base; leaf blade medium or below in size, slightly 
folded, waved, slightly reflexed, oval, spreading, base rounded, apex 
medium, serratures almost crenate, rather small, not curved, 
medium regular, texture medium, finely pubescent, 

Winesap. Tree above medium to large, roundish, spreading, 
nioderately dense, vigorous; shoots medium length, slender, spread- 
mg or ascending, curved, interuodes generally short ; bark dark 
greenish olive, dull, smooth mth heavy gray scarf skin; lenticels 
tew, small to medium, roundish, brownish gray, even; wood hartL 
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flexible; buds prominent, medium to large, medium to acute, nearly 
free; leaf petiole medium length, slender, well tinged at base; leaf 
blade small to medium, sometimes partly folded, even, straight, 
medium to broad, oval, spreading, base rounded, apex medium to 
broad, serratures very dull serrate or ereiiate, well forward, often 
curved, rather large, shallow, texture (coarse, pubescence little, short 
and fine.. 

‘ YHlow Hell flower. Tree large, roundish, drooping, quite dense, 
vigorous; shoots long, medium size, ascending or irregular, curved, 
int(U*nodes m(*dium ; bark greenish olive, smooth, dull with thin gray 
searf skin; lenti(*-els medium in number, medium to large, roundish, 
mediiim gray, even; wood rather hard, quite flexible; buds promi¬ 
nent, large, medium to acute, free; leaf petiole medium length, 
rather slender, somewhat tinged; leaf blade me<linm or above in size, 
sometimes j)artly folded, even, often more or less reflexed, narrow, 
oval, spreading, bas(‘ narrow, apex medium to narrow, serratures 
m(‘dium 8errat<*, distim*t, medium or above in size, medium 

depth, very slightly curved, irregular, tc^xture rather coarse, 
pubescenef‘ short, rather tine. 

FURTHER RESULTS WITH DYNAMITE FOR TREE PLANTING. 

By A, J. Farley, E.vpirimi nt Station, Nvw Brunswick, N. J, 

Experiments to determim* the value of dynamite for tree plant¬ 
ing wen‘ started by the N<nv Jersey Exj)eriment Station at Vineland 
and New Brunswick, in tin* spring of 1912. These tests were origin¬ 
ally designed to study the effect of dynamite in connection with the 
planting of aj:)i.)lc and pi^ich trees, hut i)ear trees wen^ also included 
in additional experiments started in 1913. A report, giving a gen¬ 
eral outliiK* of each (‘xperiment including varieties, method of plant¬ 
ing, types and condition of soil, together with observations made 
during 1912 and 1913, was presemted at the annual meeting of this 
society last winter. The varieties of ])eaches included in the Vine- 
land and New Brunswick tests are Carman, 8tump and Elberta, 
while the experiment with apples at New Brunswick includes the 
varieties Wealthy and Delicious. Bach experiment includes rows 
of trees planted in holes made by explo<Hng one-half a stick of 20 
per cent dynamite at a depth of 18 inches, while check trees were 
set in furrows made of good width and depth by going across the 
field and back, plowing twice in each furrow. 

The Vineland experiment is being conducted upon a gravelly, 
medium sandy, loam soil with a sub-soil containing some clay. Tho^ 
New Brunswick experiment with i)eaches is being conducted upon 
a fairly deep, dense red shale loam containing some coarse gravel, 
while the experiments with apples and pears are located on a rather 
heavy clay loam soil with a stiff clay sub-soil. 

The circumference of each trunk and the lineal twig growth made 
by each tree included in the various experiments has been carefully 
measured each year with the following results. 
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In the Vineland experiment a comparison of 124 trees is being 
made, 62 of which were planted in holes blown out with dynamite, 
while an equal number were planted in tlie usual manner. At the 
end of the first season careful measurements of the lineal growth of 
the branches and twigs of (*ach tree rtwealed the fact that the aver¬ 
age total lineal grow'th of the dynamited trees was 794 inches, while 
that of the trees planted in the ordinary way was 655 inches, a dif¬ 
ference of 139 inch(*s of lineal twig growth per tree in favor of 
d,>'namiting. The av(»rage lineal branch and twig growth of the 
dynamited trees made during the second season was found to be 
4,651.6 inches per tree compared to 3,303.8 incln^s per tree made 
during the same period by the trees planted without the us(* of d 3 Uia- 
mite. These measurements for the second sf^ason show a difference 
of 1,347,8 imdies in favor of the trees ])]anted in holes blown bv 
dynamite. The lineal twig growth for the third season has been 
measured, but th(^ m(‘asurerrients could not be tabulated in time to 
be incorporated in tliis report. 

Measurements of the circumference of the trunks of these trees 
taktm at the end of tlie first season, sliowed an average' difference of 
.22 inches per tree in favor of tla* trees ])lanted without the use of 
dynamite. Th(‘ d.vnamited tre(*s had d(‘cr(‘ased this difference to .02 
inch(‘S i)er tree at the end of the second season, while at tin; end of 
the third season the average trunk circumfenmee of the dynamited 
trees was .17 inch(‘s greater per tree than tin* avf'ragt' trunk circum¬ 
ference of the trees ])lanted without d.vnamile. These results indi¬ 
cate that in three y(*ars I he dA iiamited trees hav(^ made an average 
net gain in trunk eircnimfercmet* of .39 ineln's per tnn' and in two 
years an average ii(‘t gain in lin^^al twig and branch growth of 
1,347.8 inches per tree on tlio tr<'es planted in tla^ usual manner. 

The trees in tins exp(‘riment produced their first crop of fruit tht‘ 
third season with the following results. 

Our records show that Carman is the onlj" varii^ty that produced 
a heavier cro]) on dy namited tlian on und.vnamited tree's. The total 
yield of this variety w'as 100 pounds and 4 ounces gr(‘ater from th*^ 
dynamited trees, than from those und\'namited, while the average 
yield per tree was 7 pounds and 11 ounces in favor of d.ynamiting. 
The other varieties. Stump and Elberta. sliow a slight diffenmee \v 
yi(‘ld in favor of the trees planted without the use of djuiamite. 
However, the total .yield from both of the latter varieties was so 
small that comparisons arc of doubtful value. 

Th{‘ experiments with peaches at New Brunswick include 72 trees 
or which measurernents have been made in the same way as at Vine- 
land. At the end of the first season tin* average amount of branch 
and twig growth x>cr tree in favor of dynamiting was found to be 
137 inches, while the average difference in the circumference of the 
trunks was .24 inches. The average lineal branch and twig growth 
made by these trees the second season was 157 inches per tree in 
favor of dynamiting, while the average diffenmee in trunk circum¬ 
ference was reduced to .18 inches per tree. The measurements made 
at the end of the third season show an average difference of SS 
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inches per tree in favor of the trees not dynamited, while the aver¬ 
age difference in trunk circumference is .01 of an inch in favor of 
the same trees. These measurements indicate that the difference in 
lineal growth and trunk circumference in favor of the dynamited 
trees at the close of the first season has not only been reduced to 
zero, but the trees not dynamited are at present actually larger than 
the trees planted in the dynamited rows. The Carman trees in this 
experiment also produced their first crop the third season with the 
following results. The average number of fruits per tree on the un¬ 
dynamited block was 85 having an average weight of 15 pounds and 
11 ounces. The average number of fruits per tree on the dyna¬ 
mited block was 135 having an average weight of 21 pounds and 13 
ounces. The above figures show that the dynamited trees yielded 50 
fruits more per tree than the undynamiti^d trees and that the differ¬ 
ence in weight was 6 pounds, 2 ounces per tree in favor of the dyna¬ 
mited trees, however, this difference in yi(dd is so small that it does 
not entirely substantiate the claim made by manufacturers and 
other interested parties, that trees planted in dynamited holes will 
come into bearing one or two years earlier and produce more fruit 
of better quality and higher color than trees planted in the usual 
manner. Careful measurements of the apple trees in the New 
Bininswiek experiment show but a slight difference^ between the trees 
planted with dynamite and those planted in the ordinary way. At 
the close of the first season the average lineal twig growth made by 
the Wealthy trees was but 1.4 inches and the average trunk circum¬ 
ference .07 of an inch per tree in favor of dynamiting. The 
Delicious trees, during the same period made an average lim‘al twig 
growth of 12.1 inches and an average trunk circumfenmee of .IH 
inches in favor of dynamiting. At the close of the second season the 
Wealthy ti’ees showed a difference of .09 of an iiK'h i)er tre(‘ in 
average trunk cir(*umferenee in favor of dynamiting, while the 
average lineal twig grow’th at the same time was 80 ineln*s per trec'^ 
in favor of the trees planted without the use of dynamitt‘. Measure¬ 
ments made of the Delicious trees at the elose of the se(*ond season 
show that the dynamited trees have an advantage of .13 inches in 
average trunk circumference and 193 inches in average lineal twig 
growth ov<»r the trees planted in th(? usual manner. 

Measurements of the pear trees in tlie Now Brunswick experiment 
shoM% in mo§t cases, somc^ difference in favor of dynamiting both in 
trunk circumference and lineal tvrig growth. The trees in this ex¬ 
periment were planted in the spring of 1913, one year later than 
the apple and peach trees at Vineland and New Brunswick. The 
soil is a heavy clay loam with a stiff’ clay sub-soil. Measurements of 
the lineal twig growth were not made at the close of the first season, 
but after the trees had completed their second year's growth it wp 
found that the dynamited trees had made an average lineal twig 
growth of 289,6 inches per tree compared with 221.9 inches per tree 
made by the trees that were not dynamited. The above measure¬ 
ments show an average difference of 67.7 inches of lineal growth in 
favor of dynamiting. 
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The tniiik einaiiiifeiviu-es of tliese trees were measured at the 
close of tlio first season and a^aiii at tlH» (dose of the second season 
with the followinf:i^ results. The average difl'ereiice in favor of dyna¬ 
miting at tlie end of tbti first season was .12 inches and at the end of 
the second season .ir> inches. 

The results of dynamiting for tree planting based upon the tests 
made at the New Jersey Station during the past three years may be 
briefly summarized as follows: 

Peach trees planted at Vineland by the use of dynamite have 
shown a noticeable advantage in the amount of branch and twig 
development over trees set in the usual manner. 

With the exception of the first season this advantage in twig and 
branch growth has been accompanied by a corresponding advantage 
in the circumference of the trunks. 

Tlie advantage in branch and trunk develo])inent established by 
the dynamit(*d peaeh trees at New Hrnnswick during the first sea¬ 
son fias not been maintained during the second and third seasons, 
but on the contrary has been reduc(»d to sm^h an extent that the ad¬ 
vantage is now in favor of the undynaniited trees. 

The cro]) of peaches produced by the New Brunswick and Vine- 
lami titles during tlie tliird summer show a noticeable advantage in 
favor of dynamiting in the i^ase of the variety Carman, the only 
variety which produced \\hat could he termed a profitable ci'op. 

The increased crop of (’arman produced by the dynamited trees 
the third season was worth more than enough to ])ay for the cost of 
the dynamite used for planting. This above statement does not hold 
true in the ease of the varieties Stump and Ellberta. 

The difference in twig and trunk cinnimference has not been so 
great with apple trees as it has with pi^ach trees. 

Pear trees plauteil with dynamite show, after two years' growth, 
a slight advantage, in both twig growth and trunk circumference, 
on the trees planted in the usual nianm*r. 

Trees planted with dynamite have dcweloped a deeper root system 
than trees planted by ordinaiy methods. 

The cost of planting trees with dynamite under the conditions ex¬ 
isting at V'ineland and New Brunswick is from 4 to r» cents per tree 
greater than the cost of ordinary planting. 

The results of our experiments indicate that in the majority of 
eases the increased growth and frait production recorded on dyna¬ 
mited ti^es is not great enough to make up for the increased cost 
danger involved in planting. Furthermore the use of dynamite 
is not recommended for tree planting on those soils that are natural¬ 
ly adapted to orcharding. 

PACTOES COREBLATED WITH HARDINESS IN THE APPLE. 

By P. W. Allen, Washwgion State College, Pullman, Wash, 

The breeding of hardy varieties of apples adapted to growing in 
the northern states and Canada is an important line of work which 
has been carried on for more than a quarter of a century. Al* 



FACTORB CORRELATED WITH HARDINESS IN THE APPLE, 131 


though mucli has been accomplished in this time, the work is of such 
a character that results are necessarily very slow. Time and 
patience are necessar;^^ in any line of plant breeding and particularly 
is this true when testing the hardiness of tree fruits. The general 
method for determining tliis has been to wait for several years, or 
in some cases mucli longer, to seii liow' well the tree might be adapted 
to growing under tli<‘ existing conditions. This necessity is a great 
drawback to the breeder. It is well known, in the case of seedling 
trees that those showing a very thorny character of twig will never 
prove of any value, hence tliese trees can be disi^arded at Oiice, thus 
saving much time and allowing tlie ground to be occupied with 
others of more promise, if thorniness is a characteristic by which 
one is able to predict tlH‘ value of a tree, or its fruit, might there 
not be some character istic or some test that could be applied wdiieh 
would indicalci its relative? hardiness? 

X'arieties will of (‘oiirse differ in their ability to withstand cold, 
depending upon the age? of the frees anel the conelitions under which 
they arc growing, so that to make any test of real value* it should be 
on a comparative basis. The writer made? te;sts eif twigs represent- 
ing varieties from seve^ral sectienis of the United State?s as well as 
from Canada and Alaska, but secured the best results from trees 
growing in a small nurse*ry planted for this particular purpose on 
the? Iowa Experirnemt Station gremnds. About thirty-three varieties 
were tested including. 


AiiiMiin 

Baltimore* 

Brilliant 

Ben Davib 

Black Annette? 

Brier Hweet 

Oharlamoff 

Delicious 

Dudley 

Gano 

Green Sweet 


Grimes 

IfibernaJ 

Ingram 

Jowa Blush 

Jonathan 

LuiKsingburg 

Mj* In tosh 

Miukler 

Oldenburg 

Patten 

P. loensis 


P. Fnsca 
lied June 
Homan Stem 
Salome 
Silkenleaf 
Sou lard 

St ay man Winesap 
Virginia Oab 
Wai bridge 
Wealthy 
Winesap 


This list was consi<1(*re*d sufficient for a comparison of the very 
hardy and more tender varieties and all the trees were grown 
under the same conditions many factors of probable error attend¬ 
ing the scions secured from other sources were eliminated. 


The P.xctou of Maturity and Water Content. 


It is well recognized that the maturity of the tree at the begin¬ 
ning of cold weather bears a very important relation to its ability to 
withstand cold. Active growing plants contain relatively large 
amounts of water causing the cell sap to freeze at a high tempera¬ 
ture. Mature plants on the other hand contain a more concen¬ 
trated cell sap which has a lower freezing point. When a tree is 
injured by cold the twigs are generally the first part to suffer. The 
new growth contains the most sap-wood and consequently the most 
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water. The age of the tree and the system of management under 
which it has been growing are very important factors which the 
orchardist generally recognizes. Aside from these, however, there 
is a constitutional difference between different varieties, and perhaps 
even different trees of the same variety. Some varieties naturally 
take a longer time to mature their wood. One of the first points 
noted with the trees named above was the time at which the termi- 
nal buds formed. Below are just a few of the hardy and more ten¬ 
der varieties given for comparison: 

V'KRY IlAEDY VARIETIES. 


Anisim.terminal buds forme«i Sopt. J 

McIntosh. 

Oldonburjj. Au^. 20 

Hibernal . ‘‘ July 25 

Soulard. “ Aug. 20 

Virginia ('rab. ** Aug. 20 

Wealthy . Aug. 20 

Silkenlenf . “ Kept. 1 

\IoRE Tender Varieties. 

Beu Davis.terminal buds formed Kept. 27 

Gano. Kept. 27 

Grimes.grew until frost 

AViiiesap .terminal buds formed Kept. 5 

Jonathan .. ** “ Kept. 27 

Iowa Blush.grew until frost 

Delicious. * * ^ ‘ * * 


These figures seem to show pretty conclusively that the hardiest 
varieties mature their wood from a f(‘w days to several weeks ahead 
of the less hardy sorts. Other figures at hand taken from older 
trees show practically the same results. All of the above trees 
grew considerably later fliuii tlie samt* varieties of bearing age as 
would naturally be expected. In selecting trees for very severe 
regions, however, only those wlii(*h cease their growth early in the 
season should he ('hoseii. In the above list the llibemal stands out 
pre-eminently as an early maturing variety, forming its terminal 
buds two months Vxdon* -lonathan and nearly three montlis befon^ 
some of the other varieties wliieli were killed by frost.. Whih* 
Hibernal may not be the liardi^^st variety in the list, it is certainly 
one of the most hardy sorts an<l its early maturity is considered a 
very important factor. 

As loss of water might b(» considered the most important change 
which takes place during the ripening of the wood, one is led to 
a^k, ‘‘Do the hardy varieties contain, or carry on their life func¬ 
tions with, a smaller amount of water than do the less hardy varie¬ 
ties?” Some investigations were carried on to determine if this 
might be true. The results obtained showed the hardier varieties 
as a rule to contain several per cent less water in their wood during 
the growing season. As the season advanced and the weather be¬ 
came cooler this margin of difference grew less, and on January 15 
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after a week of weather ranging from zero to 15 degrees below the 
hardier varieties were found to contain from two to four per cent 
more water than the tenderer varieties. Comparing Hibernal and 
Wealthy with Grimes and Delicious in this respect the results were: 


.July l.l Jau. 15 

Hiberjnal .5.1.5 per cent 46,8 per cent 

Wealthy .56.5 ‘‘ 47,0 

Grinica .60.7 ** 45.6 

Helicioiis .60.5 42.5 “ 


These figures indicate that not only do the hardier varieties func¬ 
tion with a smaller amount of water in their tissues, but that during 
a spell of very severe weather they retain their more concentrated 
cell sap mid are not dried out so readily by tlie continued cold. 
Nearly two hundred tests were made in duplicate to determine the 
rate of evaporation from the different varieties. The results were 
very interesting, showing in almost every (iiise that the hardier 
varieties retained their moisture for a longer period, thus being one 
factor at least in enabling the so-callcd hard}’ varieties to with¬ 
stand long, cold winters. The freezing point of the cell sap (de¬ 
termined by density or water eontcnt of twig) and the rate of trans¬ 
piration at a time when the roots are encased in frozen soil, are cer¬ 
tainly important factors regarding hardiness. By taking notes on 
maturity and making tests to determine the rate of transpiration 
and the freezing point of the cell sap, the writer believes that a 
pretty accurate idea of the tret*’s hardiness can be obtained. 

STKlHTrHK ASU (’OPPOSITION OP TliP WoOD. 

If then* is a ditfereiuM^ in the rate of (‘va])oration between the 
hardy and tender varieties what is the reason for such difference 
and is it due in ain' measurable extent to structural characters or 
physical <T)mi)osition that <*an be measured ru” accurately determ¬ 
ined? It would be natural to suppose that the thickness or struc¬ 
ture of the bark would be a determining factor. Both longitudinal 
and cross sections of twigs of the various varieties were made and 
studied to determine the size of the pitb, thickness of bark, shape 
and arrangement of <*ells in the cutinized. lay(‘rs, shape, size, ar¬ 
rangement and number of ixiws of the (*ollenchyma cells, the amount 
of stored food and the per cent of wood lignified. These last two 
factors being very' closely correlated with maturity were studied in 
that connecition. * The results obtained are entirely too long to give 
in detail. Suffice it to say that while there seems to be some corre¬ 
lation between the thickness and structure of the bark with the rate 
of evaporation, yet the figures obtained from a large number of 
examinations are not eonidusive. In most (*asos the hardier varie¬ 
ties had a little thicker bark than the more tender sorts, yet the 
minimum thickness of bark of the fomer was often exceeded by the 
maximum thickness of that on the tenderer varieties so that there 
is an overlapping which makes it difficult to make any positive 
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statements in this regard. The results show that the amount of 
stored food contained in the twig bears some relation to hardiness. 
Grimes and loensis, however, seem to be exceptions since the 
former variety was found to have the pith cells well tilled with 
starch, whereas the latter contained about the least amount of any 
variety studied. In all probability the thickness and shape of the 
cells comprising tlie cutinized layers are a factor which functions 
here, as well as the number of layers and entire thickness of the 
bark. To determine this, however, would he extremly ditficult. 

The Blossoms Correlateu with Hardiness. 

The size of tlie various parts of the })lossom as being an index 
to the hardiness received some attention about twenty-five years 
ago from Halsted.* The (conclusions drawn were that the Idossoms 
of the hardier varieties had larger, thit'ker petals; shorter and more 
stocky pistils and stamens aiul larger stigmas, anthers and pollen 
grains. A brief study was made of these characteristic's in twenty- 
tw’o varieties, iiK'luding some of th<* most hardy and tender sorts and 
it w’as found in the main that the ]iardi(*r vari('ti(\s did have the 
larger, but not always the thh'ker petals. Such varieties as Olden¬ 
burg, Patten, Wealthy and ('harlamofi', had much larger petals than 
eTonathan and Ben Davis. K<‘garding the h*ngth of th(‘ pistil and the 
stamens, the results obtained were largi'ly ('ontradictory to those of 
Ilalsted. Oldenburg, Patten, Ilihernal, Walhridge arid P. loensis, 
have the longest pistils and staimms of an\ of tin* varieti(»s noted, 
being from one-fourth to oiU‘-third longer than those of Ben Davis, 
Gano and Winesaj). Brilliant, which is generally (*lass(*d as being 
quite bardy, had the shortc^st pistils and stamens of any variety 
measured. Those of the IMclntosh vari<‘ty weri‘ also short. Ben 
Davis, Gano, Grimes and Jonathan ran medium in length. No 
measurements were taken to deterinim* tin* exa(*t thiekm^ss of the 
petals, but this point could be deternum*d (juit(‘ a<M*urately by eare- 
fully feeling one variety after another. A distinct differonee could 
be noted by this simple method, the varieties being (dassified as 


follow^s: 

Petals Medium 

JVtals Medium 


Petals Thick 

Thick 

Thin 

Petals Thin 

Anisim 

Ben Davis 

Oharlamoff 

Blai'k Annette 

Hibernal 

Brier Oral) 

Grimes 

Gano 

P. loensis 

Brilliant 


Green Hweet 

Oldenburg 

Dudley 


Homan Stem 

Patten 

Jonathan 

Mein tosh 

Tied June 

Soulard 

Wealthy 


Walhridge 

Wi nesap 


All five of the varieties having thick petals are very hardy and 
all have large petals with the exception of the P. loensis. Brilliant 


*Ia. Exp. 8ta. Bnl. 3, 1888. 
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is another hardy variety having a moderately thick but small petal. 
Charlamoff which is a hardy variety has large but thin petals so 
that the thickness of the petal is not necessarily correlated with size 
although this is the general rule. While the examination of the 
above varieties is scarcely sufficient to comdude that large vsize and 
thickness of petals are unmistakable characteristics of hardiness yet 
it is significent that none of the varieties possessing these character¬ 
istics are tender. The large size of the petals appears to be a char- 
act4?ristic of the Russian sorts and while these are hardy varieties 
yet they are probably no hardier than the native crab (3^ loensis) 
and several otlier varieties with smaller petals. 

Density of Wood A Probable Factor. 

It is a fact of common observation to the orcliardisi vviieii prun¬ 
ing that some varieties of trees are much more* resistant to the knife 
or saw than others. Th<i P. loensis crab lias a much harder wood 
than a cultivated variety such as the Ben Davis. The former also 
makes a much slower growth and is hardier. Thus in tliis case at 
h^ast, the t(‘xture of the wood is correlatetl witli the ability of the 
tree to withstand cold. Mechanical tests are of great value in test¬ 
ing the hardness and strength of large timh(‘rs, but so far as is 
known no sm*h tests have <wer been made with small seion wood with 
the idea of correlating their hardn(*ss with hai'diness. As most of 
the wood test(‘d did not run ov(*r four millimeters i]i diameter it was 
necessary to contrive a small machine for such work, (hitting, pene¬ 
tration and (‘ompr<*ssioii t(‘s1s wer<‘ ma<Ie using fresh and dry w’ooci 
of the har<ly and temder varieties. Kacli variety went hv number 
instead of by name and the t<*sts were mad(* witli scions four milli¬ 
meters in diametiu* at a point half wuy between tip and base. This 
point was selected arbitrarily in order to mak(‘ all tlu* tests (com¬ 
parable. Th(^ s(’ioii vvcHxl used was taken from the Iowa Experi¬ 
ment Station nursery, and from various sources over th(' ruited 
States, Canada and Alaska. The ffgures given below are averages 
from a number of samples and show^ something of th(* results 
obtained: 


Test 

Variety 

Pounds ^^ossure 

Cutting (green wood) 

tt t < 4 < 

Delii'iouH 

J.’i.G 

Jonathan 

.'16.7 

** (dry wood) 

Delirious 

57.5 

it tt tt 

Jonathan 

43,9 

** (green wood) 

8taynian AVinesap 

53 4 

t t it it 

Winosap 

23 8 

(dry wood) 

Stayman Winesap 

71 0 

< C i 1 4 i 

Wiiieaap 

30 8 

CompreHsion (green wood) 

Stayman Winesap 

82.2 

ti it it 

Winesap 

55.5 

** (dry wood) 

Stayman Winesap 

155.7 

< ( it' * ( 

Winesap 



The Delicious which is advertised by its chief propagatoi-s m 
being slightly hardier than the Jonathan proves to have the harder 
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\voo(j. Tho StayiuMii Wiuesap has wood almost twice as hard as 
Winesa-p. It produces lar^?er fruit and seems better adapted to 
growitig under northern (dimatie conditions. Thest‘ two examples 
wiodd indicate tluit hard wood is correlated with hardiness. Some 
other varieties show^ similar results hut man\' are quite variabh* mak¬ 
ing definite conclusions impossible. From the general trend of re¬ 
sults, liowever, obtained from nearly two thousand individual tests, 
the speaker is led to believe that there is some (‘orndation bcdween 
these two facdors. 

In order to t(‘st tliis (|uestion from another standfxunt, specific 
gi’avity tests were made? and companMl with the in(*(dmiii(*al tests. 
In this work it was (h‘ci(h‘d to use* only dry wood and W(dgh it in 
some li(juid whi(di th<^ twigs would not readily absorb. Castor oil 
was finally decided upon. Weighing in oil inst(‘ad of water involved 
the work to some <‘xtent as the results had to be figured for both oil 
and water thus uiakingthc tables V(‘ry long. Tlu‘ r(‘sults in general 
indicated a v(‘ry <dose (correlation b<*tw(‘en spe(dfi(* gi‘avity and the 
hardness of th(‘ wood. Ilemce tin* two tests are a fairly a(*curate 
means to tin* sa]nt‘ (‘iid In (corridating d(msitv with hardness, how¬ 
ever, th(c results show nothing more than IlKJSt* obtained by the 
me(diani(cal t(\sts. Variations in speidfic gravity of tin* saim* variety 
from different sources were (juite noticeable. Tin* sane* variety 
from the same source gave i)retty uniform results. In this test as 
in the om* above, a eertain seeti(m of the twig had 1<) lx* used in each 
case as tin* rivsults vari(*d quite materiallv when ditfen*irt portions of 
the scion were used. Tin* mon* tend(*r vari(‘ti(*s whi(di matun* their 
vvckkI a litth* Iat«*i* in tin* snmnu*!* gave tin* greatt'st speeifie gravity 
a Hhort distan<*e l>a(*k of tlu* tip, while (*arlier nuituring varieties in¬ 
creased in spe(*iti(‘ gravity m pro])ortion to tin* distanec* from the tip. 
As the tests were made in Jiih this difV(*n*nee is in all ])rol)a1)ility 
due to tlie relative maturity of tin* twig. 

Freezing Tests. 

Fn‘(‘/ing t(*sts \\<m‘c (*ondneted to d(‘t(*rmiTn*, if ]>ossi!)l(*, the 
temperature at which tin* various varieties would be injured under 
a given (*ondition, arid also to d<*termijn* the relation ))etw'<*en the 
moisture eontent and the ability of the twig to withstand eold. 
Twigs wer<‘ eut during the middle of Jamiarv. immediately }>rought 
to the laboratory and subje(*ted to various degrt^es of low temxiera- 
tures. A s])ecial fre(*/jng box was devised suitable for the* work. 
The temperature was lowered graduallv at fii^st using salt and ice 
and tlH*n reducing the temperatui'e lower with liquid earbon- 
dioxide. Tn this wav a very low tem])erature (*ould he obtained, 
but unfortmmtely with tin* equipment at hand, it was impossible to 
hold it .stationary for any length of time, and hene(* the e.xaet point 
at which the various varieties were killed eould not be aseeHained. 
After freezing, the twigs were allow'ed to remain in the l)ox sur- 
rounded with salt and iet* until thawed. The basal ends were then 
clipped off and the sedons placed in water to be forced into growth. 
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All twigs were found to be either killed or seriously injured when 
suddenly subjected to a very low temperature even though it was 
for a very short time. A longer period of moderate cold slightly 
injured the hardier varieties and killed most of the tender ones. 
A few of the tests were as follows: 

Set 1. Hibernal, Oldenburg, Wealthy, Gano, Grimes, Winesap. 
Twigs precooled and froz<m for 45 minutes at -30'"^ to -50^F. All 
twigs killed. 

Set H. Varieties same as above. Frozen 1 liour and 45 minutes 
at -30^^ to *58"‘F. The temperature was held between -30® and -40®F. 
most of the time. All twigs killed witli the exception of the 
Hibernal. 

Set UL Varieti(*s same as Set 1. Frozen foi* 30 minutes at from 
-30'^ to -40 F. Tips of Oldenburg and Hilunmal killed back two 
inches. All other tvvigs dead. 

Set JW Varieties same as Set J. Frozen 30 minutes. Tempera¬ 
ture -15' to -40 F. Wealthy and Hibt*rnal injured one inch at the 
tip. All other varieties injured two and one-half inches and more. 

r. Varieties same as Set I. Froz(m for 20 minutes. 
Temperature -10 to -15 F. Hibernal and Oldenburg killed back 
one-half inch from the tips. Wealthy killed back one inch. Gaiio, 
Grimes and Win<*sap killed baek two inehes and more. 

Sf ( VI. Grinu's, Jonathan. Winesap. Ben Davis, Anisim, Olden¬ 
burg and Wealthy taken from b(*aring trees. Frozen for 30 minutes. 
Temperature -15 to -40 F. One twig of Oldenburg and one of 
Wealthy wert* not iiijiir(‘(I. All others were killed baek from one 
to thre(* inches, the liardier varieties showing the less amount of 
injury. In this set the twigs had been allowed to become slightly 
dried out before fiHM^zing ami it is signifi(*ant that in all the tests 
made this was the only one in whicli any of the twigs appeared to 
be (mtirely uninjured. This indicates very strongly that the 
amount of water eontaimMl at the time of fret*zing is a controlling 
factor. All of the result.s .show that the injury incurred is in- 
vers<d,> propoitional to the hardiness of the variety, but even the 
varieties whii*h can withstand from 25 to 40 degrees F. below zero 
under natural ('onditions cannot withstand a sudden drop in 
temperature to even -10 F. 

In conclusion it may be said that no single test was found which 
might be considered sufficient to distinguish in ail eases between the 
hardy and tender varieties, but the various tests taken collectively 
are worthy of atttention. 

THE RELATION OF CLIBIATE TO VARIETIES OF APPLES. 

By R. M. Winslow, Department of Agriculture^ yictoria, B, C. 

The commercial apple industry of British Columbia is almost en¬ 
tirely a development of the last- fifteen years. The census of 1910 
showed only 8,000 acres of fruit in the Province, which increased 
by 1913 to 38,196 acres, an increase of 477 per cent. 
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Not only the commercial industry but the fruit-growing sections 
themselves are of comparatively recent growth. Orchards planted 
previous to 1910 were almost solely for home use; they were limited 
in number and usually were lacking in the standard commercial 
varieties of today. Our apple industry is being built up by incom¬ 
ing settlers principally from Eastern (panada and Great Britain, in 
a new country where there is little experience or experiment to 
gather from. 

Under the circumstances, it was inevitable that a wide range of 
varieties should be planted. Preference was generally given to 
varieties successful or popular in the state of Washington, with 
some reference* to marked j>referen(*es and a very considerable bias 
towards varieties familiar to the setthjr in his previous experience. 

The Department of Agriculture had been especially active in pro¬ 
moting the fruit industry and upon it was thrown the considerable 
responsibility of giving technical information on varieties suitable 
for planting. 

Much of the planting had been done* when 1 came to the Province 
as Provincial IIorti(‘ulturist in the Spring of 1909, Imt there was 
still a very large demand for information and this chunand. more 
espe(*ially now with respei^t to top-working and replanting, still con¬ 
tinues. In the absence of reliable local information, it was neces¬ 
sary to secure the* most reliable informatioTi frmn other districts of 
similar character. AVe wert* fortunate in having weather records 
covering considerable ixu’iods for typical ])oints in many of our nev 
districts, and with these as a basis, were able to com])ar(* our <*limati'‘ 
conditions with other already su(*cessful fruit s(*(‘tions. 

The scientific study of llie <*limatic requirem(‘nts of (*ven the most 
generally grown ('rops is not yet on such a basis as to make possible 
accurate statements of croj) re<juirements as to temjxu-atures. 

I quote from Raphael Zon. (9iief of Forest Investigations, in the 
‘‘Monthly Weather Review’’ for April, 1914: 

‘‘AVith our present knowledge of the requiremtmts of the vari¬ 
ous species, varieties, and biological races of plants for heat and 
moisture, we can only aim to compare the climate of a given local¬ 
ity with the climate of other localities in which the same plants are 
growing thriftily. For this reason what we need at jiresent are 
not met(‘orological data of absolute accuracy, but rather data that 
will peiTnit of an acfuirate comparison between the climatic fea¬ 
tures that are essential to plant lif(* in different localities. The 
combination of purely meteorological and biological viewpoints in 
classifying and computing meteorological observations for pur¬ 
poses of botany seem to me absolutely essential. With our present 
meteorological ohseivations seciured at the weather stations, but 
with a different method of grouping them, it is possible to secure 
results which would be of value to students of plant life.’’ 

It is well known to horticulturists that varieties of fruits have dis¬ 
tinct idimatie preferences, some of them much more rigid than 
others. For the purposes of making more definite recommenda¬ 
tions as to vari(*ties we made a careful survey of all the recognized 
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commercial varieties of apples and reduced these to about 40 which 
were well suited to our market conditions and worthy of investiga¬ 
tion from the standpoint of climate. 

To put the main features of the growing seasons of different sec¬ 
tions on a readily couij)arable basis we used a system proposed by 
the United States Biological Survey some years ago to determine 
the length of the growing season, the total heat units received dur¬ 
ing that season, and the average temperature of the six hottest 
weeks. 

Length of the Groiving Season, In a rough way this is usually 
gauged from the length of sciison between killing frosts. Investiga¬ 
tion has shown, however, that for most plants of temperate 
regions, the period during which the mean temperature is over 
43' F. is the growing season. From the mean monthly temperatures 
available as a result of many years work of weather recorders, it is 
easy to find the exa(*t day on which the meaii temperature, in its 
annual rise, passes the 43' F. })oint and, similarly, the corresponding 
day in the Autumn wlum the mean temperature passes below 43°F. 
The number of days between gives the length of tlie growing season 
in days, and in the agrieiillural parts of British Columbia it is 
usually between 175 and 14d days. 

Xnnibrr of Heat The int(*nsity of the growing season, as 

well as its length, is also of great importanct*. The sum total of 
heat during the season is expressed in heat units, and a heat unit 
is taken to be 1 ^F. for one day, for eacii day of the growing season. 
The heat units for each month arc* determined by multiplying the 
number of days in the month by th<‘ inean monthly temperature. 
If tiu* month of July at Vaneonvei* were to average (>4 F., then the 
total heat units would be 64 X ‘B, oi* 19S4 li(*at units for the month. 
The other months are worked out in tin* saim^ way, and also the 
part months at the beginning and <‘nd of tlio growing season. The 
total heat units vary widely in British (’olumbia agricultural dis¬ 
tricts, but an* usually l)etween 9,000 and 13,000 at various recorded 
points. 

The Hottest Six Weeks. Also important is the average tempera¬ 
ture at the height of the growing season. It is found that the sum¬ 
mer heat is the principal factor in limiting tin* distribution of plants 
and animals southwards. Tin* temperature of the hottest six weeks 
is also a good guide fis to the ripening of vegetables and fruits. 
Districts which have the hottest six \veeks tempt*rature of 62®F. find 
great difficulty in growing even the earliest varieties of sweet corn 
and tomatoes, while those districts with a temperature of for 

a similar period, grow these same crops in large commercial areas. 

The temperature of the six hottest weeks has lieen found, by in¬ 
vestigation, to be a very good guide to the intensity of summer heat. 
The given formula for deteimiining it is simple; multiply the month¬ 
ly mean temperature of the hottest month by 3, add the temperature 
of the next hottest month and divide the total by 4. 
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Example: If August monthly mean temperature is 68° and 
July 66°: 

(68 X 3) + 66 

Then:-= 67.5° temperature of the six hottest weeks. 

4 

The determination of the length of the growing season, the total 
heat units, and the hottest six weeks, when once studied, are the 
greatest assistance, not only in determining the respectiv^e varieties 
of fniits, vegetables and fodder crops and grains likely to succeed, 
but incidentally, in conjunction with the monthly precipitation 
records, in relation to human life and preferences. The annual 
march of temperatures is shown in the table on pages 141 and 142. 
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The first three stations are typical coast sections of British Col¬ 
umbia. The second group of four stations is typical of the main dry 
belt area of British Columbia. The three points in the third group 
are typical of the second or high altitude dry belt. The two sta¬ 
tions in the fourth group represent our humid interior sections. 
The seven stations in the fifth group are typical points in the seven 
main fruit sections of Oregon, Washington, Idaho and Montana. 
The five stations in the last group are typical points in apple sec¬ 
tions of Eiistern ('anada. 

Investigations of the behaviour of varieties in districts of similar 
climate as to temperatures showed very distinctly that other factors 
must be considered, and on making a study of precipitation records 
for such districts, it became obvious that the question of arid or 
humid areas and the variations between tiiem are of very consider¬ 
able importance. Ae(*ordingly, a statement of the monthly and total 
precipitation for the same stations and for the same periods of 
record is given on pages 144 and 145. 
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If properly grown the Yellow Newtowui i» a desirable apple for 
export and for some homi^ markets, and was poiiular with intending 
planters* It is notalily limited in its sneeessful ranges, our records 
show that the Hood River and Rogue River (Medford) sections of 
Oregon, where it does so well, have a long growing season, from 240 
to 270 days, with from 13,750 to 15,700 total heat ’units, and a 
temperature during the six hottest weeks of 67.5^^ to 70.7' F. All of 
tile few good Yellow Newtown sections are also luimid areas, with 
irrigation, if at all, only supplementary. 

As grown in sections of shorter season, the tree itstdf is vigorous 
and healthy, but fails to bear so heavily. The fruit also fails to 
mature properly. It has since proved only a medium bearer in our 
sections having only 11,400 to 12,700 heat units and a 200-day grow¬ 
ing season, and in most years the fruit decays physiologi(*ally in 
April, May or June before developing the chara<*teristic (jimlity of 
the b(‘st s<*ctions. 

It is interesting to note that in dry belt areas having tlie rcMjuired 
heat and h^ngth of season, the Yellow N(‘wtown, i)rol)ahIv ])(»eause 
of the intense insolation of the summer season, be<*omes an early 
winter apple. 

A similar survey of tin* Fsopus, also a notaUv sectional variety, 
sfiowed that it reriuires som(‘what similar climatic ('onditions. save 
that it is more adaptable to irrigated setdions of similar tmiipera- 
tures. In Spokane, with 216 growing days, 12,620 heat units, and 
a six hottest weeks t(Mnperaturt» of 6S.6 F., tin* trees an* not so pro¬ 
ductive, the fruit not so large or well colored noi* of KU<*h (h*sirabl(* 
([uality as that grown in more favorable sections. These consichu'a- 
tioiiR, added to the sus(H»ptil)ility to blight and to winter injury, de¬ 
cided us to strongly condemn it for general jilanting even in our 
most favored sections, and later exp(‘rienee has amply (*onfirmed our 
opinion. 

The Wiiif'sap is a gr<*at market favorite in Western (Canada, is 
very generally grown in Washington, and is a long-keeping r(*d des¬ 
sert apple such as we much desire to secure. It is at its best, in 
size, color, and productiveness, however, in only a few s<‘(*tions, as 
the Piedmont of Virginia, and in the Wenatchee and Yakima Val¬ 
leys of Washington, These are all possessed of long gi*owing sea¬ 
sons, that ill tiie Yakima Valley being from 230 to 240 days, with 
13,700 heat units, and with average temperatures in the six hottt‘st 
weeks of 70.7' F. Wenat(*hee has slightly higher n‘cords in all n*- 
spe(*t.s, wliich are not jiresented beeaiise tln‘ new station on the 
orchard level at that plaei* is onlv two years old. Tin* western humid 
sections, even those su<‘h as Hood River and Rogue River having as 
long or longer s<*asons and more heat units, fail in sizi* and <*olor, 
while in the Spokane and other irrigated areas of lovv(‘r temp(»ra- 
tures and shorter seasons the tree lacks vigor and productiveness, 
and the fruit lacks size and color. Even the most favorable recorded 
points in firitish Columbia, such as Penticton, are obviously laidcing. 
The Kamloops s(*etion is more nearly suitable, liaving an average of 
214 growing days. 12,6S3 lieat units, and a six hottest weeks tempera- 
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ture of 69.3The Similkameen Valley, of which unfortunately 
there are no temperature records, but which is believed from obser¬ 
vation of its climate and flora to have the longest and hottest grow¬ 
ing season in the Province, comes nearest to the requirements. We 
have accordingly advised strongly against planting Winesap except 
in these most favored sections where it has been largely planted, and 
in my opinion, will do pretty well for commercial purposes. 

Jonathan is our most largely planted variety, and one we have 
studied with both hope and fear. It is doing very well in Washing¬ 
ton areas such as Yakima and Wenatchee witli a 230 to 24()-day 
growing season, 13,700 heat units, and 70.7 'F. average during the 
liottest period. It has a mu**h wider range, liowever, than the Yellow 
Newtown, Eso])Us ami Winesap, though on the Pacific (-oast it is 
not su(M*et‘<liiig commerciallv in the humid sections and wc are find¬ 
ing tile same trm^ in British (-ohimhia. In our Okanagan Valley 
where such points as Kelowna have a growing season of 201 days, 
11,500 heat units and six weeks hot pc^riod of 66 F., it is bearing 
lu^avy crops of \V(‘!I eolor<*tl, good <|uality fruit. The siiorter, cooler 
season seems to tend to longm* kee]>iug, its season in the Okanagan 
being up to January in ordinary .storage, as agaijist December in 
Yakima. There is alwas s a .struggle for suflicient si/e, however, even 
in our best irrigated sexdions. an<l in seasons below average as to 
Imigtli or warmth, si/e and (‘olor are seriously short. In our interior 
humid sedions as Salmon Arm and Nelson it is hardly in the eom- 
imuv'ial class. It seems to lx* on its northern limit of cultiv^ation in 
our lower irrigated valleys. 

11h* Wagern*!’ l)(*(*HU.se of its early bearing lias been much Favored 
and it would seem to r(‘(iuir<‘ very much the conditions found largely 
in our interior sisdions. it reipiires about the season of Spokane or 
Kelowna, witli mild winters. While it doi‘s fairly wdl over a wide 
range of soil and location, I should not agree with some authorities 
in classing it as a (iistim tivi^lv cosmopolitan apple. The Spokane 
Valley is perha])8 the only section on the continent where it is con¬ 
sidered a (irst-class comiiHUTial apple. It has Ixxni widely planted 
in British Columbia interior valleys, but in those of even slightly 
cooler and shorter seasons than Kelowna, it lacks size and color. 
In such sections as Kelowna, it will probably justify commcreial 
planting. 

After investigation of the possibilities of many standard kinds, it 
became plainly apparent that suitable varieti<*s would be those 
adapted to sliortiu* and cooler seasons for which we turned to 
Panadinn commercial lists. 

The Macintosh, of (’anadian origin, has been succeeding com¬ 
mercially in such widely separatc<l areas as Maine an<l the Bitter 
Root Valley of Montana. In growing season, IMontreal and Ottawa, 
its home territory, are much like our interior sections, though with 
rather shorter seasons by about 10 days, and slightly higher 
temperature in the hottest period. The letter Root V^allev (Hamil¬ 
ton, Montana, in the table) has conditions very similar to our lower 
dry Indt (second group in the table). This varitdy appeirnd so 

/ 
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promising for both humid and arid sections that we have recom¬ 
mended it strongly. Its susceptibility to scab in hutiiid sections was 
made known to growers and the amount of control necessary in diff¬ 
erent sections pr(*dicted. The plantings made six to nine years ago 
have already conlirim^d our recommen(iations and the variety shows 
every prospect of becoming our most important apple. 

The Delicious which is so successful in Wenatchee, Yakima, and 
some other sections, is yet too little tried generally to yiehl much in¬ 
formation by this method. In our warmest dry belt sections it is 
already (loing well though it is not quiti‘ so productive as desired. 
It would seem to re(iuire a rather longer and warmer season. It is 
good in size, color, and quality, and is espe(*ially a line late-kee])er. 

The great unsolved pniblem of British Columlua ap])le culture is 
to find a long-keeping, red. d(*ssert apple, with a hardy, vig<u*ous and 
productive tree. Tlie same problem faces all the apple se<*tions of 
('anada and sections of similar season in the Tnited States. In the 
search for such a variety we have examim‘d the recpurtMiients of 
practically all the commercial varieties grown on the continent and 
are even now’ testing a number of varieties from otlun* (*ountries. In 
this ([U(‘stion the comj)arison of climatic n‘quire!m‘nts has at least 
enabled us to eliminate from general planting many vari<*ties not 
wwthy of extended experimental planting. 

This paper is not intended to (‘over mon* than a hurried r(‘sum(* 
of the ?nethod wv hav(* used and its gen<*ral r(*snlts. It will, how¬ 
ever, prove suggestive, and it is hopcnl, ustd'u! also, to otlier imrticul- 
turists in the comparative study of districts for all kinds of long 
season fi’uits. 

Pur^siDENT (\)Km:TT; We have comphded a long, inten'sting, ainl 
protitable program. It is a very remarkable (dreumstam'e, it st'tnns 
to me, that a list of thirty-three pajmrs should be otlered and that 
tw’enty-tive speakers should be present to nmd tlumi. This is a re¬ 
markable achievem<‘nt for any society. It clearly d<*monKtrat(*s the 
inter(*st of the men in horticulture in their (diosen professioji and 
insures a long life for the Society. I hope that all future meetings 
may )>e dominated by the same spirit of helpfuliu'ss and (' 0 -o[>(‘ration 
which has ptu'vaded this one and that they may as suc(*t‘ssful as 
this one lias been. The meeting stands adjourned. 
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PROCEEDINGS OF THE SOCIETY FOR 
HORTICULTURAL SCIENCE. 

1915 

OALirOENIA FIELD MEETING AT BERKELEY, CALIFORNIA. 

TUESDAY, AUGUST 31,9:30 A. M. 

President Howard : The meeting will please come to order. 

Speaking for the fruit growers of California, I welcome the 
members of tlie Society for Hoi1;icultural Science to our state. We 
trust that you will avail yourselves of every opportunity to become 
familiar with our great diversifitMl fruit industries. We hope that 
you will not only sec the orange groves of the Houth, which are in 
the path of the tourist and most easily seen, but that you will also 
visit the valleys and foothills in order that you may see our decidu¬ 
ous fruits at liome. In addition to our fruit-growing interests, we 
hope that many of you will find it possible to examine some of our 
leading vegetable-grov^ ing regions. 

The local Tnemi3ers of our Society, as well as the fruit growers 
and boards of trades of all jiarts of the state, stand ready to assist 
visitors in every \vay possilil* in order that tiny may bt'come fully 
acquainted with the lioi*ti(udtural industries and rcsonr(*es of tlie 
state, if you will oiily J(*t your wants be known. 

We will now proeeed with the program. 1 will ask Vice- 
President Coit to take 1h<' chair. 

PRESIDENT’S ADDRESS; SOME OBSERVATIONS ON THE 
FRUIT-GROWING INDUSTRY OF CALIFORNIA. 

By W. L. Howard, IJnivcrdiij Farm SchooU Davis, Calif. 

The history of fruit growing in California in a w^ay is as full 
of romance as the history of mining. Fruit growing had its begin¬ 
ning in the state more than 150 years before gold w'as discovered. 
Wherever the Spanish Jesuits and Franciscans from Mexico es¬ 
tablished missions, they also established fruit growing. These old 
Spanish missions w ere scattered from San Diego in the South to the 
north end of San Francisco Bay in the North. When the Russians 
occupied a part of the region near the coast in the northern part of 
the state, they left their imprint upon the fruit growing of that 
region. This was about 1812. As other settlements were made in 
the state during the 30’s and 40’s fruit grawing was extensively 
practiced. When the church lost its power in the state in 1834, the 
missions fell into decay and the splendid orchards that had been so 
well cultivated and cared for rapidly declined. With the rush of 
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miners and settlers into the state in the early 50’s the incentive to 
grow fruit became very great as the market for fruits of all kinds 
was then practically unlimited. Naturally the fruit growing busi¬ 
ness has undergone many changes to keep pace with the develop¬ 
ment of the state. 

The present, it seems to me, is a transition period in California 
horticulture, but Professor Wickson tells me that there have been 
several transition periods, 1 need not enumerate or give statistics 
on the size of the industry at the present, or the relative import¬ 
ance of the different fruits, for all of you know about these things, 
at least in a general way. It seems to me that the present is a period 
of change because many of the orchards are now growing old and 
new methods of maintaining their vitality and fruitfulness must be 
devised. Systems of packing and marketing that were once ade¬ 
quate must now be revised to meet the ever-changing requirements 
of tile times. Tillage problems that so long gave the growers of 
C^alifornia no concern bei'ansii it seemed that lliijir soils would never 
fail, are now requiring more and more attention. The help problem 
in the past has largely been solved by leasing the fruit lands in 
small tracts to persons who under other circumstances would have 
been the hired hands, 'i'he struggle for markets which began with 
the production of the lirst crops which were larger than the state 
itself eould consume, is still on and growers appear to be perfectly 
able to meet changing conditions and from time to time re-adjust 
their business so tiiat they iuiv(‘ always been able to sell all that 
they have produced. 

One thing the (.alifornian in no line of business has had to com¬ 
bat, is tradition. The fruit grower, partiimlarly, has never been 
tied to any practice simply liecanse it happ(m<Hl to be one that had 
bet*n followed by someone else in the vicinity. Those of you who 
have lived in old settled r(*gion.s know tiu* difficulties of getting a 
farmer to change his praotit*es. The California fruit grower does 
n(»t look upon any oltl praetice with reverence, and is quite ready 
and willing to ehange if In* <*an be shown a better w’ay of doing 
tilings. To my mind this is the sceret of the rapid development of 
many regions in tlu‘ stale. If a line of fruit growing practict;d in a 
certain valley or distriid jiroves to be unprofitable, the grower does 
not throw good money after bad by trying year after year to save 
something out of the wreck, but he immciliately uproots the trees 
and plants something else, or, if they arc capable of top-working 
he grafts them to soimdhiug that is iirofitablc. In other words 
fruit growdng is a main line ratluT than a side line throughout most 
of the state. This accounts for the fact that there are no neglected 
orchards. If a man neglects an orchard in this state by failing to 
cultivate, or irrigate, or prune, it will either decline and die or 
become so unprofitable that he gets rid of it in short order. ^ 

(t has been said that the farmers oi the country as a class are 
the hardest of all people to organize. This has been cited as a rear 
son why fruit growers’ associations of the East and Middle United 
States have been so hard to start and hold together after they are 
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i^rted. I may say that the California fruit grower fundamentally 
is not unlike his brothers in other states; however, his distance from 
markets and his helf)lessness as an individual have driven him to 
combine with his neighbors. If he could make half a living as many 
fruit growers do in other states without organizing, many would 
undoubtedly be content to do this. This is especially true of the 
newer residents of tlie state. However, there is a trait of character 
peculiar to many of the native born growers that is peculiarly 
Californian. This is that lie is not satisfied with small profits. The 
early histoiy of the state, particularly after the great rush of the 
early 50's began, favored large profits in many undertakings. Peo¬ 
ple took to growing fruit in the early mining days because the busi¬ 
ness paid better than minijig. When the first California fruits 
began to be shipped to the eastern states, the results in a way were 
like the early gold discovery. Since those days many of the grow¬ 
ers have not been content with anything but big profits. With no 
crop failures like east(‘rn growers have to contend w'itli, it has 
always been possible, if a certain variety of fruit lost its popularity, 
to graft the trees over to some other variety more in demand. At 
the present time when other regions have encroached upon Cali¬ 
fornia fruit industries, new adjustments must be made in order to 
meet the changing conditions However, there are certain fruits 
peculiar to the state that trive so well and which can be grown here 
to a belter advantage than elsewhere, that they will very likely 
always be grown in (California on a large scale. J have reference 
particularly to the citrus fruits, the European grapes, certain of the 
nuts, apricots, almonds, certain varieties of pears, peaches, plums 
and especially prunes. From a luxury the California fruit grower 
has caused certain fruits to become necessary articles of food. This 
is particularly true of the prune, and certain of the evaporated 
fruits such as the pear, apple, peach and apricot. (Jalifornia canned 
fruit is a staple wherever groceries are sold. 

"While the California fruit grower has many j>roblems to solve— 
far more than he had in the past—^lie is versatile; is not hampered 
or handicapped by tradition; is in the business on a large scale as 
a rule and, therefore, has capital to develop bis business; and in 
every way is able to meet changing conditions; and it is certain 
that he is in the business to stay and that he cannot fail to make a 
success of it in every sense of the word. 

VAEIATION IN MINIMUM TEMPERATURES DUE TO THE 
TOPOGRAPHY OP A MOUNTAIN VALLEY IN ITS 
RELATION TO FRUIT GROWING. 

By L. D. Batchelor, Citrus Experiment Station, Riverside, CaUf* 

(The investigations discussed in this address will be published 
as bulletin No. 141 of the Utah Experiment Station with which 
Dr. Batchelor was connected when the investigations were made.) 
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THE AVOCADO INDDSTRY IN CALIFORNIA. 

By I. J. CoNDiT, University of California, Berkeley, California. 

The avocado industry in California is in its infancy; properly 
speaking it can hardly be said to have reached sufficient importance 
to be classed as an industp\ Enthusiasts lead us to believe that the 
future avocado acreage in this state will be greater than that of 
citrus fruits,’reminding us that the fruit has real food value, not 
being (to use their own words) a mere confection such as the orange 
and lemon. Whatever the future importance of the industry may 
be, the fact now is that the propagation of trees and the production 
of fruit from these trees is absorbing the attention of an increas¬ 
ingly large num})er of persons. The rather sudden interest in 
avocado planting can be accounted for by the abundant fruiting of 
many large seedling trees in Southern California and by the Hgh 
prices received for the fruit in the local markets. Many orchards 
ranging in size from a fraction of an acre to hve, ten and even 
twenty acres, liave been planted, and much larger plantings are 
contemplated. The present acreage is probably considerably less 
than two hundred. There is little doubt that this will be doubled or 
even tripled in another year if a sufficient supply of trees is 
available. 

The importance of putting this infant industry on a firm 
foundation was realized recently by many interested parties and a 
conference was held in Los Angeles May 14, 1915, with the result 
that there was effected an organization known as ^‘The Ahuacate 
Association of California,'' with sixty charteu’ members. The 
objects of tlie association are as follows: The prevention of errors 
which are bound to occur in any new industry; the dissemination 
of cultural and other information; and the education of the public 
concerning the uses and the food value of the fruit. After consid¬ 
erable discussion by several growers present at the meeting, it was 
decided to use the word ^‘ahuacate" rather than “avocado" for the 
fruit and for the name of the organization. Dr. Franceschi of 
Santa Barbara has long advo(*ated the adoption of the name 
“ahuacate" in place of “avocado," which, as he says, has no mean¬ 
ing and no historical sense. On account of the fact that such a 
comparatively small number of people are familiar with the fruit 
handled by commission men under the name “alligator pear," it 
was the opinion of the association that the correct name 
“ahuacate/' which has been the name of the fruit since the time 
of Cortez' invasion of Mexico, could be brought into common use as 
easily as the less correct one, “avocado." The word avocado “is 
the past participle of the Spanish verb ‘avocar' meaning, ‘to call 
up by a superior from an inferior', generally used in times past by 
a superior judge taking a case out of an inferior judge's court 
without the necessity of an appeal. The practice is obsolete now 
and the word has fallen into disuse. The Century dictionary also 
gives it as a corruption of the Spanish word ‘abogado' meaning 
advocate".^ 
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As early as 1696 Haiis Sloanet wrote of the '‘avocado or alli¬ 
gator pear-tree and listed several other names appearing in litera¬ 
ture at that time. De Candolle in 1882 referred to the fruit as 
avocado or alligator pear, stating that the name avocado is a cor¬ 
ruption of the Mexican ahuaca, or aguacate. In 1902 the Florida 
State Horticultural Society expressed itself in favor of the name 
avocado, while in 1901 and 1903 the American Pomological Society 
listed the names in the following order, aguacate, avocado, alligator 
pear. In its list of fruits recommended for planting in the United 
States published in 1909 the latter society used the name avocado 
with no mention of other names. Other references to literature in 
which English writers have used the word avocado may be noted 
as follows: 

John LindJey—Ti-ansactions of the llort. Society of London, 
1824. 

Clias. Knight—A Description and History of Vegetable Sub¬ 
stances Used in file Arts, 1829. 

John Lindley—Botanical Kegister, No. 1258, 1829. 

W. d. Jlookei*—15otani(*al Magazine, Plate 4580, May 1, 1851. 

Sir Kobert 11. Schomburgh—Journal of the Hort. Society of 
London, 1847. 

E. J. Hooper—Pacilic Rural Press, Nov. 18, 1871. 

Geo. Nicholson, in the Dictionary of Gardening, 1887, uses Alli¬ 
gator or Avocado Peaj’. 

L. H. Bailey, in the EiicycIoi)edia of American Horticulture, 
Edition of 1901, usc^s Alligator Pear. Avocado Pear, Agua¬ 
cate, Midshipman's Butter. In the p]dition of 1914 he uses 
Avo('ado. 

Since the use of the name avocado has thus been officially sanc¬ 
tioned by tile societies mentioned as well as the United States 
Department of Agricullui'e, and its oiMUirrence in Phiglish literature 
has been so fr(‘qu(*nt during the past century or more, it would seem 
that the attempt to introdm^e anotluT name at this time would not 
only be ineffective but would j*esult in even gr<»ater (*onfusion than 
at present so far as general public* is concerned. It is interest¬ 
ing to note that one prominent member of the Ahuaeate Association 
expects to ship his fruit under the label Alligator Pear, with Ahua- 
cate in parenthesis; anotlier will label his fruit Alligator Pear with 
Avocado in ])arenthesis. 

The avocado was first planted in California at Santa Barbara in 
1870. Probably the oldest fruiting tree in the state is the Miller 
at Holl\ wood, first x)]aiited in 1886, but transplanted to its present 
location s(‘veral years later. The largest tree in California is the 
Chappelow^ near IMonrovia; it is over forty feet high and the 
branches spread over sixty-five feet. The girth of the trunk three 
feet from tin* groujid is seventy-one inches. Other large seedling 
trees which have produced abundantly are to be found in and 
around Los Angeles, Orange, Wliittier, and Pasadena. Seedling 

* Letter from E. G.Jlart, 

t Catalogus Plantarum quae in Insula Jamaica, T-iondon, 1696, p, 185. 
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trees several years of age are to be found at Visalia, Los Gatos, San 
Luis Obispo and Napa, while near the Center Street entrance to 
the University campus at Berkeley, there is a tree at least twenty 
years old which is in a thriving condition, but which so far as 
Imown has never blossomed. The southern part of the state includ¬ 
ing San Diego, Los Angeles, Orange, Ventura and Santa Barbara 
Counties, has shown itself to be well adapted to the avocado tree 
and it is there that the largest plantings are being made. Trees are 
being planted out to a small extent in practically all the citrus belts 
of the state with the exception of Imperial Valley where the extreme 
heat has so Ear destroyed young plants in the open ground. Just 
what the geographical limits of successful avocado culture will be^ 
no one can definitely state at present. It is generally believed, 
however, that some varieties of avocado can be grown profitably 
wherever the orangts lemon, and jiomelo thrive. 

What,^ then, are some of the factors which limit the healthy 
growth oE the avocado tree* in (^aliEorniai As already stated the 
extremely dry heat and sunshine of the valleys bordering the desert 
have so far iirovinl fatal althougli it may be possible in the future 
to develop a type of tree whose foliage will successfully withstand 
such conditions. The amount of frost which an avocado ti'ee will 
endure depends first u])on the kind of tree, liiose bearing thin- 
skinned fruits ordinarily being hardier than those hearing tho 
larger hard-slielled fruit; second, the condition of the tree, dormant 
trees being able to stand mucli more eold than trees in a growing 
state; third, the weather conditions following a freeze; and fourth, 
the duration and extent, of tlie low tempei'ature. Rome avocado 
trees in Californiji tiave not been seriously injured by temperatures 
as low^ as 10'F. altiiough the fruit and blossoms Avere killed; other 
trees have been injured by 3 ' or 4^ of frost, while the strictly tropi¬ 
cal varieties w ill not withstand even cold, frostless nights, the leaves 
and lender branches turning brow'ii and dying batik under such 
conditions. A’^arielics wdiich bloom late enough in the spring to 
escape heavy frosts should he ju-id’erred for (‘onunercial planting. 
The avocado finut itself when fairly mature is not injured by low- 
temperatures wdiicli s(*riously injure the leaves and branches. Im¬ 
mature fruits drop to the ground when the stems are frozen. 

Another factor to be taken into consideration is the wind. There 
are comparatively few sections of California, which are not subject 
at certain seasons of the year to rather violent winds. Scores of 
avocado trees are now planted out in situations where they would 
undoulitedlv thrive were it not for the damage done by the wind 
to the broad leaves and brittle branches. The original trees of the 
Taft, Rhoad, Ganter, Challenge, and Royal varieties, have all been 
protected from wind by immense lath shelters in some cases thirty 
feet high, which also serve as supports to keep the branches from 
breaking down under the great weight of fruit. Young trees of 
most varieties require staking during the first two or three years in 
the orchard to keep them from growing crooked under the force 
of the wind. 
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So far as soil is concerned the avocado is no more particular 
than the citrus tree. There must be good drainage and consid¬ 
erable depth to the soil for the best development of the tree. 

In California the avocado tree is propagated almost exclusively 
by budding. Cuttings may be and have been rooted to some extent, 
but this method is not used commercially. Nurserymen prefer the 
seeds of the thin-skinned Mexican type of avocado for the produc¬ 
tion of seedlings on account of tlicir greater hardiness. Because 
of the scarcity of seed, however, many thousand trees have been 
budded cm seedlings of the hard-shelled Guatemalan type of fruit. 
The seeds of this type, being larger, produce seedlings of budding 
size somewhat sooner than those of the thin-skinned Mexican type, 
but the former are tender and su(*(ninih much more readily to frost 
than seedlings of the latter. Whether there is any appreciable 
effect of the different stocks upon the hardiness of the resulting 
tree has not been demonstrated. The supply of seed of the thin- 
skinned Mexican type should be amply sufficient in a year or two 
since individual tribes of this type grovdng in ("alifornia have been 
known to produ<‘e in one season 5000 fruits of the size of an egg. 
Avocado set*ds are j)lanted whenever obtainable citlier in pots, in 
seed l^eds, or in the o))en ground. The method of }>ropagation used 
by most nursmyinen is as follows: Plant tln^ S(‘ed in pots or seed 
bed in December, January, or whenever obtainable, transplant to 
the open ground as soon as the seedlings are six to eight inches 
high, and bud whenev<*r tlie hark is slipping. If budding is per¬ 
formed ill October or November, the buds remain dormant until 
early spring. The nursery trees are ti^ansplanted, by balling, most 
successfully when about one year old, the month of March being 
largely preferred. 

For some reason, not yet known, nurseryimai have been unable 
to propagate by budding any large percentage of trees of at least 
three varieties, each of which, however, bears fruits of desirable size, 
shape, and quality. The original tr<H*s of two of these varieties, the 
Dicke}^ and the Murritdta, are growing in lios Angeles and are 
healthy, vigorous, and jiroductive. Buds placed in seedlings start 
to grow, hut after a few weeks almost invariably cease their growth, 
and either die, stock and all, or struggle along in a weak, sickly 
condition season after season. "With some varieties the supply of 
good hudwood is limited and the nursery prices for the trees of 
such varieties are relatively high, the Challenge being a good ex¬ 
ample of such a variety. One nurseryman budding into the same 
stock used for other varieties, and using the best Challeuge buds 
he could find not only from the old tree but also from young trees, 
could get not over a 20 per cent stand. One reason why the vjiriety 
known as the Harmon has been so largely planted is that good buds 
are plentiful, they unite readily to the stock, and grow rapidly into 
symmetrical orchard trees. The present price of seeds is about 4 or 
5 cents each, of buds 2 to 10 cents each, and of budded field-grown 
trees $2.00 to $5.00, depending upon the variety. 

The heavy production of many of the large seedling trees in 
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CaMomia is remarkable. The account of the Ganter tree 
which was sold in one year $1500.00 worth of f^t 
ana $1700.00 worth of budwooH, seems to be authentic. During the 
past season the Challenge tree at Hollywood produced 1540 fruits 
received $756.36. In this connection the record 
01 the Ghappelow tree at Monrovia is interesting; the tree was 
planted in 1893 and began bearing in 1898. Since 1902 it has pro¬ 
duced as follows: 


1902 . 310 fruit.s 

1903 . 380 “ 

1904 . 605 “ 

1905 . ,f)75 “ 

1906 . 235 " 

1907 . 465 “ 

1908 .1209 “ 

1909 . 260 “ 

1910 . 285 “ 

1911 .1023 “ 

1912 . 3.50 “ 

1913 .Year after freeze, about 20 fruits 

July 34 fruits 
Aug. 113 “ 

1914 ..ISept. 1051 “ 

Oct. 1602 '• 

Nov. 457 ‘ ‘ 

Dee. 36 ' ‘ 


Total 3293 “ 

The variation in production is probably due to the fact that the 
tree blossoms veiy early and the flowers arc apt to be damaged by 

frost. 

The range in the price of avocados during the past season has 
been from a few cents for the small black or green seedling fruits 
to 75 cents and one dollar for larger specimens such as the Taft 
and Lyon. The prospect of immediate gain from the sale of fruit 
at such prices was naturally a great temptation to some growers 
who therefore picked and marketed the fruit before it had properly 
matured on the tree. A grower can hardly be criticised, however, 
for so doing when buyers come to the tree with cash in hand and 
almost demand fruit for a special occasion. This naturally raises 
the question as to just what stage of maturity the avocado has the 
greatest food value as shown by the maximum oil content, a subject 
not studied here so far, but which we hope to investigate the coming 
season. 

So far there have appeared no serious pests of the avocado in 
California although it is known that there are several insects and 
fungi which attack the tree and fruit elsewhere. Shipments of 
avocados into this state from Hawaii are prohibited on account of 
the danger of introducing the Mediterranean fruit fly in the fruit. 
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Shipments from Mexico are no longer inad(» since the seeds of some 
Mexican varieties are infested with the avocado weevil, Heilipus 
Lavri. Occasional shipments of one to two hundred crates are being 
made into California fi’om the Island of Tahiti where the fruit fly 
has not so far been found; the value of these shipments amounted 
in 1912 to $2,004.00, in 19i:i to $2,519.00, and for the first ten 
months of 1914, to $2,429.00 During the fall months avocados from 
Florida are more or less common in onr California markets. 

Minor insect attat'ks may he noted as follows: Mealybug, greedy 
and black scales in Ventura and southern coast counties; a species 
of Crabro which infests the twigs of young trees in Butte County, 
the omnivorous looper, i<abulodes caberafa, the iarvai^ of which were 
commonly found on seedlings at Berkeley; the twig borer, Polijcaon 
conferiuH. and a chHf<‘r. Sen'ra alternala, both of which have done 
injury to nursery tn^es in Ventura County; and an iiuidentitied 
miner, the galleries of which have been noticed on the tender 
branches of nursery tr(‘t*s in various parts of Southerji California. 
A leaf trouble, probably similar to that occurring in otlnu’ (*ountries 
and due to a species of HlfHaaporinm, is very commonly found on 
young treCvS. Jt has bocn the experience of some gi'()\\e!'s tliat cer¬ 
tain varieties seem to more or less resistant to tlie attacks of this 
fungus, one variidy, the Champion, grown at Orange, not being 
affected at all. Tlie fruits of sonn* varieties, notably the Canter. 
Harmon, and Blake have a tendency to ri])en and turn dark 
at the apex first if left on the tree too Umg. Wliile this may be due 
to some fungous disease its exact nature is uncertain; the softening 
and darkening (^an he largely avoided by pi(iking the fruit at the 
proper stage of maturity and allowing it to ripen off tlie tree. 

Probably the most important and at the same time the most pt^r- 
plexing question (^onfj’onting avocado planters today is that of 
varieties. At least twenty-live varieties of ('alifornia origin have 
already been described and doubtless as many iiioi'c are being 
propagated and heralded by enthusiastic owners or nurserymen. 
In addition, more than a score of varieties from other countries have 
been introduced and are being propagated by the thousand in some 
eases. The unbiased opinion of several {lersons who have travelled 
in Mexico and other countries and eaten avocados from native trees, 
is that the commercial varieties of the future have not yet appeared; 
others claim that some California varieties have no superior any¬ 
where. California seedlings which have been fruiting for a num¬ 
ber of years have a decided advantage, as it ivS already knowm how 
they will thrive under certain California conditions. The require¬ 
ments of a good commercial variety of avocado may be stated as 
follows: 

1. The bud of such a variety must be able to grow into a 
vigorous upright, orchard tree. Many seedlings which bear excel¬ 
lent fruit will probably have to be eliminated on account of their 
poor habit of growth when propagated. Allow me here to quote the 
experience of a prominent grower in Southern California as an 
example: ‘‘Pour years ago I planted an orchard of a certain well- 
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^lown variety. The trees are now five years old from the bud. 
riiey are as iarge as full-grown orange trees and beautiful to look 
at. 1 expect a considerable crop this year. 1 planted at the same 
time on adjoining ground an orchard of another variety. I was 
sorry at the time that I did not have more of this last named kind 
and less of the others. The parent tree seemed strong and healthy, 
but the young budded trees, when placed in the orchard, made poor 
growth, suffered from cold and were in due time taken out and re¬ 
placed with another kind. These, also a failure, were in turn re¬ 
moved mid still another variety substituted. Now 1 am taking out 
this third lot and planting the variety growing in my five-year-old 
orchard. This time I am going to have trees, though they do not 
bear fruits weighing two pounds each.’' 

Sev'c rul large <'olh*c1 ions of trees represmiting all the principal 
varieties are now growing in various parts of the state and it will 
be very interesting to oliserve the habits of growth of these varieties 
under the different local conditions. 

2. Tile Iree of a good variety should he sufficiently hardy to 
withstand ordinary frosts. It seems reasonable to believe that the 
best varieties of avocados from the highlands of Mexico and 
Guatemala will thrive wherever lemons are successfully grown. 

3. A good variety should be fairly precocious, prolific, and a 
regular bearer. !Many of the (Jalifornia vari(*ti(‘S are remarkably 
precocious; some are too much so. A budded tree which blossoms 
in the nursery row as does the Lyou almost as soon as the bud starts, 
cfinnot at the saim^ time make the wood growth wiiieh is sufficient to 
support future profitable crops. On the other hand a variety wdiieh 
does not show’ any disposition to blossom in the four or five years 
after budding is rather disappointing to the grower who desires 
early I'cturns from his tree. (‘V(‘n though it may produce most ex¬ 
cellent fniit in later years. A variety therefore w’hich develops 
during the first two or thn‘e years into a vigorous symmetrical 
tree and then gradually comes into bearing is to be preferred. 

The prolifiirness of some of our California seedlings has already 
been discussed. Viewing the subiect from a commercial standpoint 
alone it w’ould be more profitable to handle 300 fruits from a tree 
such as the Taft or Jjyou at 50 cent each than 600 fruits of a variety 
such as tlie Harmon' or Chappelow at 25 cents each. If the high 
production of such a variety as the (Challenge can be maintained, it 
may be more profitable to the grower even though the quality of 
its fruit is somewhat inferior. 

Avocado trees have not been growing for a sufficient length of 
time or in sufficient numbers in California to show to W’hat extent 
regular crops can be produced. Barring unfavorable climatic con¬ 
ditions such as frosts or rain at blossoming time, a good variety 
should bear regularlv if the grower keeps the tree in a healthy con¬ 
dition and does not allow it to overbear in any one season. In 
Mexico some trees are said to bear more than one crop in a year and 
this is true of at least two varieties in California. Northrop 
bears a small spring crop and a large fall crop; the White at Santa 
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Barbara has shown a tendency to produce three and even four dis¬ 
tinct sets of blossoms and fruit. 

4. The tree of a good variety should blossom late eiiougli for 
the flowers to escape ocM-asionaJ spring frosts. Jt has long been 
recognized in this state that tre(‘s bearing thin-skinned fruits blos¬ 
som earlier than those bearing hard-shelled fruits. A study of the 
table of varieties shows the following dates of blossoming: Thin- 
skinned varieties, (Jhappelow, November to March; Topa Topa, 
January; White, February: Northrup, April; Harmon, April; 
Azusa, Carton, Ganter, and Hathaway, January; hard-shelled varie¬ 
ties, Wagner, February to Marcli: Challenge, Walker and Royal, 
March and April; Solano, May and June; Taft, April and May; 
Dickinson, April and May. For the most part tlicse dates seem to 
corroborate the fact mentioned above. 

5. The fruit should be of good flavor and quality. The flavor 
aiad quality of any fruil are to a certain extent matters of the per¬ 
sonal opinion of the consumer. .IVlany of the thin-skinned Mexican 
avocados are of superior flavor. This is supposed to be due to the 
higher oil conttmt as shown by analysis. The flavor of one large- 
fruited variety was long ago descrilied as insipid and watery. 
Recently tliis variety was analyzed for the first time and founii to 
average but J.85 per cent of fat. The fiber so noticeable in the pulp 
of many imported avocados is only slightly noticeable in the Cali¬ 
fornia varieties. 

6. The size and shape of the fruit should be uniform and not 
too large, approaching round, rather than '‘bottle necked’^ and 
averaging about one pound in weight. The Sharpless is the only 
California variety producing a large, hard-shelh^.cl fruit having a 
prominent neck. The Cliappelow and Blake are examples of thin- 
skinned fruits which are prominently “bottle-necked.^' Theoreti- 
call}^ an oval or round fruit will pack to better advantage than an 
elongated fruit; practically, however, the shape of the fruit will 
probably have little effect upon its marketing qualities if other 
qualities are good. 

7. The fruit of a good variety should be well adapted to ship¬ 
ping. Ver>" little is known about the shipping qualities of the Cali¬ 
fornia varieties. While those varieties having a thick, granular 
shell are undoubtedly less susceptible to bruises than are varieties 
having a thin skin, it is by no means certain that they will keep in 
better condition during shipment and while on the market if the 
latter are carefully handled. Even should it be found impracticable 
to ship thin-skinned fruits to Eastern markets and have them ar¬ 
rive in condition to sell in competition with hard-shelled fruits from 
Florida and the West Indies, such fruits will always be in demand 
in the local markets and for home use. 

8. The seed should be small and tight in the cavity. Studies of 
a large number of varieties show that the size of seed in the round 
avocados is proportionately greater than in the pear-shaped fruits. 
For example the Challenge and Florida Trapp, typical round 
fruits, show 26 and 20 per cents, respectively, of seed to the whole 
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fruit, botue of the typical pear-shaped varieties show the following 
pcyentages Of seed: Taft, 18; Miller, 16; Sharpless, 12; Solano, 
J.9; Koyal, lo.8; Lyon, 25; Blakeman, 14. 

Various writers have emphasized the impoi*tance of having the 
seed of an avocado fill its cavity. Just how important this char¬ 
acter is has not been determined by careful shipi)ing experiments. 
Tn most of the hard-shelled fruits grown in California the seed is 
tight in the cavity; in a few of the thin-skinned varieties, namely 
the Ganter, Blake, Harmon, and Mattern a large percentage of the 
fruits lias loose seeds which move about in the seed cavities. The 
majority of specimtms of the Florida-grown Trapp and Cardinal 
which I have examined, has had loose seeds, but the flesh around 
the cavity did not show any appreciable darkening. A Florida 
shipper has communicated with me as follow s regarding this point: 
‘‘Wc do not favor tlie planting of any loose-seed varieties in a com¬ 
mercial way. Of course the seedlings are apt to be either loose or 
solid, but tile budded varieties now in favor are all tight seeded. 
The Trapp is so fai* our best commercial variety and is almost 
always found to have a tight seed. When x>aeked in excelsior and 
reasonably handled, the loose seed should not injure the fruit un¬ 
less it is too rip(‘. llow^ever, it is an additional risk and considered 
a defect, ’ ^ 


During the x>ast year the f!alifornia Experiment Station has 
made analyses of a large number of varieties of avocados, the re¬ 
sults of w hich have been published in Bulletin 254, Part II, entitled, 
‘‘The <’oinpositioii and Food Value of the Avocado/' Especial 
mention should be made of the following points brought out in this 
bulletin. The average per(*entage of dry matter for the avocado 
is 30.84. The nearest approach to this figure is found in the banana 
with about 25 i)er (*ent dry matter. Sugar and starch predominate 
ill the banana as against tW in the avocado. So far as protein con¬ 
tent of various fresh fruits is concerned, the avocado stands far in 
the lead, having a maximum percentage of 3.7, and a minimum of 
1.3. The mimn*al matt('r in tiie avocado is much greater than that 
found in any fresh fruit although detailed analyses of the ash have 
not been completed. The average percentjigc of ash of 28 varieties 
is 1.26, only slightly below' that in dates. 

Since the chief value of the avocado as food is due to its high fat 
content, growers of any vari(*ty have been especially interested in 
learning the percentage of fat as shown by analyses of their fniit. 
The average fat content is shown to be 20.1 per cent of the edible 
portion while the maximum is 29.1 per cent. A table giving the 
percentages of fat or oil in the varieties of the avocado and olive 
respectively show that the avocado ranks higher in this respect than 
the average or commonly used olive. The latter fruit is not con¬ 
sumed fresh, except by the unsophisticated tourist, and should be 
classed as a processed rather than a fresh fruit. 

Mention has already been made of the superior richness and 
quality of most of the thin-skinned Mexican avocados. The average 
fat content of thirteen such varieties recently analysed was 22.16 
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per cent, while the average of fourteen hard-shell varieties was 14.13 
per cent. It is a well-known fact that in Mexico, the natives and 
others wdio a])pi*eciate the dilfei‘enee, prefer the small thin-skinned 
^‘paltas^’, scorning the large ‘‘pagiias’" as inferior in quality and 
flavor. The commereial grower must therefore take into account 
both the eating qualities and the market qualities of a variety of 
avocado. 

During the ])ast few months many predictions have been made 
by various persons regarding tlie future of the avoc^ado industry in 
California. Almost w’ithout exception these (expressions are very 
encouraging to prospective j>ianters and to those who are interested 
in the development of the industry. The most common question 
asked of avocado men today is, “Do you really think the avocado 
will become an important (‘omnKU'cial fruit and they usually 
answer ‘4 really tliink so”. It is not oiily the nurs(*ryman who 
has trees to sell who thus expresses himself, but eOnsc'rvative busi¬ 
ness men, experienced ranchers, and others who have betm watching 
the fruit for many yf^ars both here and in otlier countries. It is of 
course (‘om^eded tliat there will be many failures, that scores of 
trees now^ planted wdll never come into bearing, and that some varie¬ 
ties wdiich look promising at presmit will prove of little value in the 
light of future cxperieiuM*. I beli(wc with others, however, that 
commercial avocjado culture offers very brigiit prospc^cts at present 
if the grower plants good healthy trees of the proper varieties in an 
approved locality and us(is good Imsirn^ss judgment as w'(‘)l as (*om- 
mon sense in handling his or<*hard ami marketing his fruit 

TUESDAY, AUGUST 31,1:30 R M. 

THE SCIENCE OF ORCHARD HEATING. 

By Carl Nichols, 

California PoJjthvhnic Liasi Ohiapo^ California. 

In th(i short length to which T must ('oufine my pap(U% it wnll be 
impossible to consider th(‘ subje(?t of (mdiard heating in its entirety, 
but I shall endeavor to give a brief review' of the history of the 
development of frost protection devices, and also to describe briefly 
those forms most approved at present. 

The protection of trees and plants from frost injury dates back 
perhaps tw'o thousand velars. O^Oara states that the Romans prac¬ 
tised heating and smudging as a protection against frost injury. 
Smudging with wet straw and half-rotten manure was recom¬ 
mended hy Olivier de Serres, a French agricmlturist, in the sixteenth 
century, and in the latter part of the eighteenth century smudging 
is said to hav(‘ l)ecn compulsory in parts of Germany. Boussingault, 
the celebrated French chemist, states that the Indians of Peru have 
used smudges for centuries on the plains of Cusco in order to retard 
the loss of heat from the soil and plants. Some of the earlier work 



THE SCIENCE OP ORCHARD HEATING. 


23 


m frost prevention was not so crude as one might suppose, for, dur¬ 
ing the eighties and early nineties, we find the French vine growers 
using heavy oils as a fuel, this oil being burned in fiat earthen- 
Even systems of automatic liglitmg were devised 
which were operated by a mercuric column somewhat similar to our 
present automatic frost alarm thermometers. 

At about the time that tlie French vine growers were carrying 
on their work in frost prevention, ('California and Florida orange 
growers ]>egan to experiment. Tlui use of wet straw and composts 
had been common for several years, and in the early nineties when 
the oil industry of southern California was first coming into 
prominence, Charles Fronde introduced the first oil heater. This 
heater was later improved by J. V, Bolton, formerly United States 
VV^eather Observer at Fresno, (California, and he developed the 
present Bolton or lardpail tyj)e. The severe fi*osts of December. 
3895, in southern (Uilifoi*nia brought about a greatly increased in¬ 
terest in frOvSt prevention (levi(‘es and at this time the Riverside 
Hortieultiiral (’lub. composed of growers of citrus fruits, in co¬ 
operation with 1h(‘ (jiited States Weather Jiureau, made numerous 
tests of smudging devices, lieaters ami va])orizers. From the re¬ 
sults of their ex|)(‘riments tluw eoncluded that the most efficient 
method of frost pr*>teetion was to be obtained by burning coal in 
s?nall wir(* baskets susp(‘ij(ie<l a tew f(»e1 above the ground. From 
that time until the present, eoai heaters of various forms have been 
used in a considerable uuojher of the <*itrus orchards in the south. 
But it was not long lad’on* oil h<‘aters !>egnu to show their sut)eri- 
ority and during tiie disastrous rreez(‘S of l)ei*em))er, 1911, and 
January, 1913. numei'ous forms of (ul heaters were widely used for 
frost protection in the <!itrus orchards. 

The tii’st and most important way by which the orchardist may 
avoiil frost injury to his trees, is to choose a site for tlie orchard 
whicli is reasonably free from severe cold. As all iriethods of 
artificially ])rcventing frost injury are expensive, those situations 
where artilieial prevention is seldom, if ever necesspy, should be 
given first preference for our tender fruits. In choosing such situa¬ 
tions we should remember that freedom from frost depends more 
upon local topography than upon latitude. The bench lands and 
gently sloping sides of the hills surrounding the mountain and river 
valleys are usually the freest from frost, Avhile the lowlands and 
bottoms of the narrow valleys are usuall.y the coldest lands. The 
commonly accepted theory has been that this condition is caused by 
what is knowui as inversion of temperatures. Normally the 
temperature of the air decreases as we go upwards, biit on still 
nights when danger from frost is greatest, the surface soil cools^ by 
radiation and the air in contact with it cools rapidly by conduction, 
this cold air at the same time becoming heavier. On a flat plain 
this cold heavy air will spread out over the surface and will grow 
gradually colder and colder. But on a hillside or on bench-lands 
this heavy air will flow quietly downward, collecting in the low¬ 
lands, while the warm lighter air floating on top, spreads out to the 
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hillsides and imparls to them some of its heat. Regions such as 
these, where frost seldom occurs, are often spoken of as thermal 
belts, verdant zones, or life zones. It should not be forgotten, how¬ 
ever, that none of these belts are entirely frost free, for even they 
are subjected to severe freezes in occasional years (as in January, 
1913,) when the cold north winds swept over tlie mountains and 
down the slopes on tin' other side carrying the wliole mass of 
warmer air before them. 

Once having made a ])ro})er choice of a lo('ation, the grower must 
then rely for further ])rotection upon artihcial methods and appli¬ 
ances. One of two results is sought in all methods of frost injur}" 
prevention, naiiiely: (1) to hold the temperature of the air in con¬ 
tact with the tree or ])laut above the danger i)oiut, (2) to prevent 
rapid thawing of the })]aiit tissues in case they are froztm. Attain¬ 
ment of the first result is more important than that of the second. 
In the aceoniplisluuent of these I’csults the following methods have 
been employed: (1 ) (*onservatioii of the heat of earth and plants by 
lessening loss of heat through radiation; (2) raising tlie dewpoint 
by adding moisture to the air and thus making the latent heat of 
condensation sensible at temperatures above the danger point; 

(3) thoi'oughly mixing the lower air strata, thus preventing the 
formation of cold air layers next the surface of the earth: 

(4) screening plants and trees from the direct rays of the sun in 
the early morning; (5) adding heat diretdly to the air. 

The lij’st method—lessening Joss of heat, through radiation, and 
also the fourth method—prmcuition of rapid thawing, may be ac¬ 
complished by covering plants or trees witli various slu^lters sueh 
as lath or (doth sereens, oi* it may be a(*(*omplished by filling the 
air above the plants or trees with a d(*nse smoke or smudge, or with 
water vapor. The se(*on<l method—raising the dewpoint, may be 
accomplish(»d by filling the air with moisture tJirough burning damp 
straw or manure, or by actually spraying water into the air from 
nozzles and sprinklers attached to pipe-lines. The third method— 
prevention of the formation of cold air strata through mixing, has 
been accomplished by the use of cleetrie fans and blowers. The 
fifth method—the adding of heat dii'eetly to the air, has been ac¬ 
complished by means of electric heaters suspended in the trees, by 
conducting steam or hot water through the orchard, and by burning 
various combustibles such as straw, trash, wood, coal and oil. 

Although a few years ago the first three methods were consid¬ 
ered to be the only practicable ones whereby frost injury might be 
prevented, these are almost entirely neglected now and the direct 
addition of heat to the air is considered to be the most efficient, 
practical and economical method for the protection of large areas 
of trees and plants from cold. As to the kinds of fuel used for this 
direct addition of heat, at first straAV, trash and wood were much 
used and are used yet to some extent in the deciduous orchards of 
Oregon and Washington. But the great advantages of coal and oil 
as fuels soon became apparent and these two materials are now 
used exclusively in the citrus orchards of California. The methods 
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of heating by means of steam, hot water and electricity, have been 
tried out at various times, but have so far proven impracticable, the 
first two because of the great expense involved, and the second be¬ 
cause sufficient electrical energy is not available in any one orchard 
district. 

As between the two methods of heating by burning coal and by 
burning oil, tlie advantage seems to rest largely with oil heating. 
The coal heaters have some points in their favor in that they give 
off a goodly proportion of heat units and but little smoke and are 
cheap in cost, but the disadvantages are several, namely: (1) diffi¬ 
culty of filling and lighting the heaters, thus greatlj^ increasing the 
cost of labor; (2) impossibility of regulating the heaters so as to 
obtain luore or less heat according as the temperature of the air falls 
rapidly or slow’ly; (Jl) impossibility of extinguishing the heaters 
w^hen onc(» lightcHl, thus ne(‘essitating the burning of all the fuel 
in the heater after onc.e lighted wdiether the air temperature war¬ 
rants the same oi* not. Despite these diffumlties, however, coal heat¬ 
ers are still used on one or two of the larger citrus ranches such as 
the Leffingwell Kaneh near Whittier. 

The almost univ(*rsally accepted method at present then, of 
protecting trees and fruit from frost injury, is by the burning of 
crud(‘ oil oj* distillate in some form of sheet iron receptacle. Many 
forms of oil heaters hav(‘ been tried out. The simplest form of all, 
the Holtoji or lardpail type, is still used to some extent in Cali¬ 
fornia and is (juite widely used in the decfidnons orchards of Oregon 
where its nse is recommended over other more elaborate forms by 
the Agricultural Experiment Station. Th<» larger and more elab¬ 
orate forms are, hovN(‘ver, largely sui»er(‘eding the simpler types in 
the citrus orchards of ('aliforjiia. The reipiirements of an ideal oil 
heater are: (1) good eombustion with but little smoke from begin¬ 
ning to (md of firing period; (2) efficient radiation; (fi) ample 
capacity; (4) possibility of controlling rate of eombustion ; (5) low 
cost; (fi) simple yet substantial construction; (7) parts nesting 
we\l for storage; (8) good protection of oil from rain; (9) ease of 
handling, filling, lighting and extinguishing. It is needless to say 
that the ideal heater has not yet appeared, but some of the types 
recently put upon the market are far ahead of the original types in 
meeting most of the above reepdrements. 

We will take, for example, the Dunn (Down Draft and Cen¬ 
ter Peed) orchard heater manufactured by the American Can 
Co. The capacity of this heater, five or seven gallons, is ample for 
any freeze which is at all likely to occur. Tests of actual burning 
time showed that the heater would burn nine hours with all drafts 
open. With the proper number of heaters the amount of heat thus 
given off is much more than ample for any ordinai^^ frost. The draft 
openings can be so reduced that the burning time can be lengthened 
to twenty-four hours. This heater is of substantial construction, 
being made of tw^enty-four gauge annealed steel; the bowl is pressed 
out of one piece and is therefore seamless, thus lessening the danger 
of leakage. The heater is provided with a down-draft tube. The 
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air is drawn down through this tube and discharges through round 
openings over the surface of the fuel as it recedes in burning. 
When the fuel has been consumed within two and one-half inches 
of the bottom of the pot, an additional amount of air is discharged 
out of the end of this tube which reaches the center of the pot, 
thus causing (‘ombustion of practically ail of the remaining fuel. 
One great difficulty wdth the earlier types of heaters was that much 
unconsumed residue Avas left in the bottom of the heater at the end 
of the burning period. The amount of air admitted to the dowm 
draft tube is regulated by a dome-shaped sliding valve. A second 
draft opening called the ‘"center-feed” is provided on the opposite 
side of the inside cover of the heater. This opening admits air into 
the mouth of the stack for the purpose of promoting the combus¬ 
tion of the gases as they rise into the stack. The rate of combus¬ 
tion is thus w’ell under control. Furthermore a long collapsible 
stack has been developed by W. C. Scbeu which can be used on this 
heater as well as on his own heater, the Scbeu Orchard Stove. By 
the use of this stack the combustion can be materially increased with 
a corresponding decrease in smoke. By the use of the tall stack 
the amount of heat given off as radiant heat is also in(*Teased and 
this is an important factor. The Dunn heater is easy to handle, to 
light and to extinguish, and is well protected from rain by the 
umbrella cover which not only completely covers the stack, but also 
the draft openings in the inner cover. 

Time will permit only a brief reference to the improvements 
which may be expected in present methods of frost protection, or to 
new methods which may be developed later. First we have the 
covering of orchards with cloth covers. Thus in one experiment 
going on at present in southern California, a light tobacco cloth is 
used to cover a lemon grove of several acres. On cold winter nights 
the temp(^rature has been found to remain at four to six degrees P. 
higher than outside the tent covering. Other advantages are 
noticed in that the fruit is of much better quality inside the tent 
than outside, there are more summer lemons inside the tent, and 
the amount of wind-scarred fruit is reduced. This exp(u*iment has 
not, how^ever, progressed far enough yet so that definite conclusions 
can be drawn as to its practicability. 

Another experiment w^hich has been tried recently is that of 
piping oil to various parts of the orchard and providing some form 
of burner which will consume the oil directly as it is fed from the 
pipes. This system has the following advantages: (1) it eliminates 
the labor of refilling the heaters wdien in use and it eliminates the 
care and depreciation of the heaters through the summer season. 
The practicability of this method in actual orchard practice has not, 
however, yet been thoroughly demonstrated. 

As to oil heaters in their present form, the most needed im¬ 
provements would seem to be in securing more efficient radiation 
together with greater simplicity in construction and less cost. The 
tall stack goes far toward securing more efficient radiation and it 
is the radiated and not the convectional heat which is most effective 
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in orchard heating. A large proportion of the radiated heat is 
intercepted by the foliage of the trees and thus gets to the place 
where it is uiost needed, while much of the convectional heat rises 
above the trees and is lost entirely. 

Last of all, much may be done in rendering frost protection less 
needful by the development of varieties of citras fruits which will 
be as good as any we now have and*much more resistant to cold. 
The work of Dr. Webber, Dr. Swingle and others has already shown 
that this is possible and it is to be hoped that much may be done 
along this line in the future. 

SOME PROBLEMS OF CO-OPERATIVE MARKETING. 

By B. B. Pratt, Los Angclctiy California. 

No attempt will ])e made in this ])rief paper to cover the whole 
field of co-operation. The ]>ur2>oses, theory, method of operation, 
and the essentials for success of co-operative marketing agencies, 
have been (dearly set forth in a number of papers in recent years. 
These treatises liave been written by abl(» and experienced writers 
and with tlie most of these you are all familiar. Nor is it the pur¬ 
pose of the writ(*r to discuss in any detail tlie organization for sell¬ 
ing at the market end. While it is true that the co-operative 
agency has certain features peculiar to itself in its relation to the 
trade, it i.s nevertheless true that in busin(‘ss method of S(dling the 
mode of (iperation is not widely different from that of any other 
type of marketing agency with an equal volume of business. The 
machinery of selling may consist of salaried agents where volume 
of business permits, or the more (Common brokerage channels may 
be utilized in the distribution of the crop. The relation of these 
marketing agents to the shipper on the other hand differs quite 
widely from the relationship of similar ag(mts to ordinary commer¬ 
cial packers and shippers. A co-operative organization’s most 
serious problems in determining how (efficiently any given system of 
agencies iriay be developed or utiliz(*d, arise at the producing end. 
Business judgment an<i experience will dictate the course of the 
management in handling the markets in-so-far as the approval of 
^ its policies by the rank and file of the organization membership will 
permit. 

The problems confronting the small single co-operative market¬ 
ing organization are largidy lo(*al in character and are not dis¬ 
similar from the difficulties which present themselves to the individ¬ 
ual association in co-operative federations of shippers. Pew of the 
larger questions of policy require solution by the management for 
the simple reason that the output is not such that the organization 
can hope to influence greatly the distribution of the general crop 
in which its growers are particularly interested, thus curtailing the 
effect of such combined effort of growers on the status of that 
particular industry in the markets of the country. This is marked¬ 
ly true of those crops produced in numerous and widely separated 
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regions of the country. The most that such an organization can 
hope to do is to deal in a few markets and in large part it must 
depend on brokerage or commission agencies for its direct maitet 
service. In this regard, therefore, the association is chiefly effective 
from a pure^^ marketing standpoint in that in volume and pre< 
sumably in business administration it is on a similar basis to that 
of the large individual grower br producing corporation. In other 
words, its volume is such that it can satisfactorily fill orders for 
products of similar grade and pack and can command the active 
attention for its outi^ut and a fairness of dealing from such market¬ 
ing agents as are within its reach in a measure that the individual 
small grower could not hope to attain for his portion of the output 
taken alone. There are, of course, many other advantages to be 
gained by the associating together of such growers aside from the 
purely marketing feature of an industry. With these you are all 
familiar and they need no enumeration here. 

The nature of the problems of a large co-operative body maut 
up of a federation of co-operative societies, is quite different in their 
scope from those of the individual isolated organization. Here we 
find questions of policy presented for solution which affect the en¬ 
tire status of the industry with which it deals in its position before 
the trade of the country. This is particularly true if the industry 
is concentrated as in the case of the citrus industry. A few of the 
problems of an organization strong enough to <lominate the distri¬ 
bution and selling of the iiroduct of an entire industry, the writer 
desires to brieflj^ suggest to you in such detail as the limits of a 
paper of this character will permit. 

No new fact is stated in the assertion that all i)ermanently suc¬ 
cessful co-operative enterprises have had their origin in dire neces¬ 
sity. Such organizations, however, may develop, through integrity, 
good management and througi) influence on market conditions, to 
the point where the feature of necessity is somewhat lost sight of, 
but continue their progress uninterrupted through the force of 
sheer size, solid organization and efficiency. One of the problems 
which the writer desires to emphasize develops at this point. In 
the early stages conditions are such that all growers are keenly 
alive to the situation and keep closely informed regarding succes¬ 
sive steps in the progress of the organization's policies. As condi¬ 
tions improve memory of th<» early features of necessity become 
dulled; dame rumor kept active by the opposition finds readier 
response where new questions of policy arise. This is particularly 
true if the policy adopted has to do with larger expenditures and 
serious difficulties may be in store for the management unless means 
are adopted to prepare the rank and file of the membership through 
education as to the fundamental basis of these new policies. It may 
be taken as axiomatic, therefore, that important new business poli¬ 
cies, if they are to be successfully inaugurated by a large co-opera¬ 
tive body, must in effect come from the bottom up, or in other words, 
must have the active support of the membership. A management 
which assumes that it can adopt such policies without securing this 
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support through education and preparation of the membership for 
the new steps simply because they have a sound business basis is 
doomed to failurue. On the other hand, it should not be inferred 
that desirable business methods cannot be adopted simply because 
they meet criticisms. No important policy which such an organiza¬ 
tion may adopt will go wholly without criticism. 

An organization which has taken on permanency through im¬ 
provement which it may have given to the marketing of products 
with which it deals and which has existed over a period of success¬ 
ful years, is subject to marketing agitation and unrest amongst its 
membership whenever economic conditions are such as to lower the 
return to the grower close to or below the cost of production. Such 
an agitation developed in the citrus industry during the past win¬ 
ter. It is no more than natural that a material proportion of grow¬ 
ers out of a clientele of 7,000 should not be closely informed regard¬ 
ing economic ('onditions even though such conditions are serious 
enough to depress all industry. Neither is it unnatural that these 
individuals should question the continued efficiency of their organi¬ 
zation vvhi(*h has serv(*d them so well in the past, nor that they 
should ask whether it is not possible for their marketing machinery 
to so revolutionize mtdhods as to once more raise them from the 
'^Slough of Despond’’ as it did so well in the days of its origin. 

It is during such jM^riods that retail prices are compared with 
those received by the producer and demands arise for direct mar¬ 
keting to the retaihu* or even to the consumer himself in order that 
the producer may s(‘cure a larger proportion of the consumer's dol¬ 
lar. Desirable as is tin* attainment of this result, it may be said that 
the basis on which siudi proposals are made is for the most part 
fallacious and the evidence }>r(isented in support of such methods of 
marketing is incomplete and unsound. This evidence usually takes 
the form of a comparison of retail prices with those the growler 
secures, resulting ifi the concluvsion that retail prices do not fol- 
hnv delivered prices and an' maintained at artificial high levels. 
Such reports usually ar(‘ made ou desirable grades handled by the 
better <*lass of dc'alers and no report is made on the »sei*vice cost or 
on the ])rices maintained by those dealers performing a cheaper 
class of service. Time does not permit of detailed discussion but it 
may be said that definite detailed investigation has shown that re¬ 
tail priees in general do follow' fluctuations in wholesale prices. 
Prices charged by different retailers for the same class of fruit 
products will ahvays vary widely. These prices are a combination 
of the amounts charged for the fruit itself and that charged for the 
type of service performed. The cost of delivering food to one huii- 
dred million consumers depends on the varying demands of differ¬ 
ent groups of consumers. These service demands are wholly beyond 
the control of the producer and the dealer and are the affairs of 
the itonsumer alone. The overhead cost of a system capable of 
reaching 300,000 retailers is beyond the reach of an industry hand¬ 
ling one class of produce, particularly when that product is subject 
to climatic disaster. Such an overhead can be borne only when 
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Spread over a wide variety of merchandise or when the product 
handled is a non-perishable which eaters only to one class of trade 
and whose production can be regulated and is not dependent on 
reaching the whole consuming population for profitable disposal 

In view’^ of the above facts the co-operative fruit marketing or¬ 
ganization finds its chief opportunity for improving markets in 
fair dealing, even distribution, and a high standard of grade, pack 
and keeping quality. With these (*-onditions it can stimulate con¬ 
sumption through advertising, and through better se»rvice to the 
dealers, can encourage lower margins and better service to the con¬ 
sumer. This means better prices to the consumer and at the same 
time a higher net return to the grower. So long as the trade enter¬ 
tains any doubt of the honesty and quality of the pack or of the 
average keeping quality of the l)rands offered, just so long will 
margins be wide to cover the risk. With a imoduct prej^ared in 
such a manjier as to preserve its inherent merchandising quality, 
margins w’ill automatically be j*educed as a result of competition. 

With a large co-operative organization composed ot numerous 
independent units, this question of standardization is on(‘. of the 
most difficult problems it has to solve. Few growers personally 
interested in the fruit are capable of judging of its grade. To those 
officers in daily contact with the market problems the need for uni¬ 
form standards is self-evident. TIk' growers in a locality, on tlie 
other hand, unfamiliar with the relative merit of their pack as 
compared with that of other localities, may actually I’csent sugges¬ 
tions for the improvement of their condition. It is not uncommon 
to find in territories covered by such an organization, loc^alities kept 
in financial distress because of the character of the methods ])ursued 
by the management of their unit or units of the system. Be(*anse of 
this fact the value of the marketing system is often nullific^d and 
the system thereby weakened by conditions almost wholly beyond 
its control. Where such conditions prevail the membership lacks 
stability. 

No co-operative organization can be fundamentally strong with¬ 
out a fairly stable membership. This qu(‘Stion then beeomes one of 
the problems of marketing the crop of an industry. Successful 
marketing means the removal of the (u*op from speenlation, and co¬ 
operation abolishes personal profits from the marketing business. 
It is only natural then that interests dependent on these elements 
for their livlihood should be constantly circulating rumors antag¬ 
onistic to the growers^ organization. These rumors take the form of 
deliberate untrniths or half-facts. It is-not strange that growers 
are more influenced by intimations that their business is not being 
handled properly than to statements of faet showing efficiency- The 
latter are only confirmation that they are getting that for which 
they organized; the former strike at their feeling of security and 
their personal prosperity. A class of membership difficulty almost 
beyond the influence of an organization's management is that en¬ 
gendered by personal antagonism and dislike. To secure a co- 
operator in a ii(»w member is more impoiliant than the addition of 
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volume to an organization already strong. On the other hand, 
stability of membership means stability of volume. 

In summary we may say that the big problem in co-operative 
marketing is one of co-ordinating all the elements which affect the 
merchandizing value of the organization's output. These elements 
have to do with volume, distribution and (character of the product 
and its method of preparation as well as with the actual system of 
selling agency used and its administration. There is no more 
human an institution in existence than a co-operative marketing 
organization. 

PRESENT STATUS OF THE NUT INDUSTRY 
IN CALIFORNIA. 

l^Y H. H. Tavlor, Vnivi rsilif of dalifo'Diicif Ba'kdf y, California, 

While nuts of one kind or another are found growing in nearly 
all fruit setdions of the United States, California has practically all 
of them growing su(*vessfully within her borders. Those of com- 
m<*r(ual importanc^e are relatively few, and it is with these only that 
this paper deals, viz., the Persian walnut, almond, pecan, chestnut, 
filbert and pista(*he. Of these the walnut and almond are thorough¬ 
ly established as a (commercial (*rop in this state, while the pecan, 
(diestnut, filbert and pistache, are still in the experimental stage. 

Up to the present, California has had a practical monopoly of 
the domestic production of Persian walnuts and almonds and this 
vnll help explain the r(mson for the early development of these two 
industries. 


Extent of PRonrc'TiON. 

A brief consideration of the extent of production of nuts in the 
United States together with the imports from foreign countries will 
enable us more clearly to understand their present status. The fol¬ 
lowing figures are i^oiupiled from the United States census and other 
government reports for 1909: 

Production of all nuts in II S.—62,328,010 lbs., valued at $4,447,173. 
Production of all nuts in (-al.—28,378,115 lbs., valued at $2,960,000. 
Imports of all nuts into U. S. valued at $8,549,997. 

Almonds produced in U, S.—6,793,539 lbs., valued at $711,970. 
Almonds produced in Cal.—6,692,513 lbs., valued at $700,304. 
Almonds imported—10,658,686 lbs. (Normal—15,000,000.) 
Walnuts produced in U. S.—22,026,524 lbs., valued at $2,297,336. 
Walnuts produced in Cal.—21,432,266 lbs., valued at $2,247,193. 
Walnuts imported—27,214,793 lbs. 

Pecans produced in U. S.—9,890,769 lbs., valued at $971,596 
Pecans imported—1,480,289 lbs. 

Filberts* and hazel-nuts imported—8,750,526 lbs. 
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California produces practically no pecans (only .45 per cent of 
the domestic product), yet in spite of that she produced in 1909, 
45.53 per cent of all the nuts of all kinds grown in the United 
States. This figure is as high as it is because California produced 
98.51 per cent of all the almonds and 96.4 per cent of the Persian 
walnuts grown in the United States. 

Of the entire supply of all nuts botli domestic and imported for 
1909, the latter were worth 65.78 per cent of the total value. Nor¬ 
mal imports are between three and five times as many almonds, and 
between two and three times as many Persian walnuts as are pro¬ 
duced in this country at the present time. 

Import Dctiks. 

The duty on shelled almomls was droi)ped by the Underwood 
TarilE of 1913, from six cents a pound to four cents, and on unslielled 
almonds, from four cents to three cents. On Persian walnuts and 
filberts, the duty was n^dneed from three cents a pound to two 
cents for unshelled, and from five cents to three cents for shelled. 
On j)ecans the duty of one cent per pound still stands. 

('OST OF PrODITCTION. 

Figures on cost of production are necessarily of uncertain value 
because no systematic work has yet been done to determine the act¬ 
ual costs under the varying conditions which at present surround 
the industry. Generally, however, the cost of Persian walnut pro¬ 
duction ranges from $10 to $50 per acre. With almonds, the cost 
will be between $20 to $50 per acre, interest and taxes not included. 
With an average annual production of almonds of about 800 pounds 
per acre, and selling at twelve to fourteen cents a pound, the gross 
returns vrill range from $84 to $98 per acre. At these figures the 
import duties are necessary to enable our growers to compete with 
the cheap European labor which produces the foreign crop. 

FuTCTRE PKOHTiKMS. 

In the last two or three years another problem has aj)peared 
which must be rec^koned witli in the near future. New plantings 
have increased so rapidly in the case of almonds that there appears 
to be danger of over-production. The inevitable result will be the 
drop in price to a figure at which the grower can not afford to pro¬ 
duce the crop. Just a few weeks ago the writer was requested by 
the manager of the California Almond Growers’ Exchange, which 
handles over 75 per cent of the crop of the state, to discourage the 
planting of more almonds for the present. Markets for nuts can 
not be developed rapidly enough to take care of the increasing 
supply. Sales have increased very greatly in the past few years, 
and will continue to do so. Increased consumption of luxuries, how¬ 
ever, can be developed only slowly, and as long as nuts arc consid¬ 
ered luxuries, this will be the case with them. 



PRESENT STATUS OP THE NUT INDUSTRY IN CALIFORNIA. 38 


One means of increasing both the demand'and supply is to lower 
the cost of production and the selling price by a system of care, 
which shall mean handling the orchards with more thought for the 
future of the ti*ee and the crop than has held in the past. Cultural 
requirements are comparatively easily supplied where due diligence 
is given to choice of location, soil, etc. Thousands of acres unsuited 
to the nut intended to be grown, have been sold to uninformed per¬ 
sons either before or after planting. At the present time there are 
many orchards of nut trees that are either doing poorly or are dying 
on such lands. 

Before any plantings are made, the prospective planter should 
know the requirements of the nut to be grown. 

AlmOND Requirements—Location. 

The almond is the first of our orchard fruits to bloom in the 
spring, thus rendering it susceptible to late spring frosts. In choos¬ 
ing a location for almonds, special care must be exercised to avoid 
frost pockets—air drainage is essential. The higher lands along 
stream banks are generally the best because they allow the drainage 
of the cold air to lower levels, and also because sueli soils are gen¬ 
erally lighter and better drained than those further away from the 
streams. 

Soil and Moisture. 

The almond prefers a quite uniform, medium loam soil to a 
depth of about twelve feet free from hardpan or other impervious 
layiirs, and also free from sand or graved layers. It will not endure 
standing water around its roots for any length of time, especially 
during th(» growing season. Lack of proper drainage will yery 
quickly cause sour sap and kindred ills and will cause the death of 
many of the roots. On the other hand, layers of sand or gravel 
which cause excessive <irainage of the moisture from the soil also 
allow the soil to dry out, and many of the feeding roots to die. 
This results in a tendency for the top to die hack, and for the tree to 
set weak fruit buds whi(di are very easily injured by frost the fol¬ 
lowing spring. Being large growers ami heavy feeders, experience 
has showui that the trees should be planted at least thirty feet apart 
for best results. 

Root.stocks. 

Unfavorable conditions may b(^ partially lemedied l)y choice of 
rootstock to suit the soil and moisture conditions. For the best 
almond soils w^hicli are deep, uniform in texture, and well drained, 
the almond root is the best. Where the soil is inclined to he shallow, 
leachy or irregular in texture at different depths, the peacdi root is 
probably best. If summer irrigation is necessary, the peach root 
will be the one to use. The Myrohalan plum has been recommended 
by some for use in heavy soils, but it does not make the best kind 
of a union and old trees on this stock are not as hardy nor do they 
bear anywhere near the amount of fruit borne by trees of the same 
age on other roots in the same orchards. 



THE SOCIETY FOR llORTICULTORAL SCIENCE. 


34 


Planttno. 

The pollination question is still unsettled. There is much ap¬ 
parently conflicting evidence on this point. It appears, however, 
that some imperfect pollination is the result of unfavorable weather 
conditions rather than self-sterility. In starting orchards, it is 
advisable to interplant, using two or three varieties. By planting 
two rows of each variety alternately, the best results will be ob¬ 
tained and harvesting operations will not be interfered with. By 
using several varieties, the harvesting season can be prolonged con¬ 
siderably and a heavy rush avoided. 


Cultivation and Ni^trition. 


Proper and fre(jiient cultivation is essential to enable the tree 
to grow through a long season. The almond is t]w first tree to come 
out in the spring and the last one to go dormant in the fall under 
favorable conditions. It is also a heavy consumer of ])lant food and 
moisture. Where the moisture becomes deficient before the growing 
season is over, the tree is unable to })roperly mature the very large 
number of fruit buds whi(di normally set. Many comparative ob¬ 
servations have b(M*n made to observ<» tlie effe(d of the tn^es becoming 
prematurely dormant on the crop the following season. Other (con¬ 
ditions being equal, the invariable result has b(‘en that the trees 
which continued their normal growth until the fall frosts w^en^ able 
to withstand a greater degree of frost, and other unfavorable (con¬ 
ditions in the spring, and set a In^avier crop of nuts. The (iflPecT of 
trees going prematurely dormant fronj y(*ar to year seems to be 
cumulative, so that it may take several y(»ars to bring trees back to 
their normal strength. 


Irrigation. 

Irrigation sliould be done thoroughly wdiere done at all, and 
tlum all tile moisture possibh* should be retained by thorough and 
regular cultivation. Water should not be applied between blooming 
and the time that the fruit is well set on the trees and of pretty 
good size. Neither should water be applied between the time the 
nuts comnuTUie to ripen and the tiim^. of liarvesting. If water is 
applied in an effort to revive trees which have approached pre¬ 
mature dormanc'y too far, the tendency is to induce a new^ start of 
wood growth rather than to put that energy into setting strong 
fruit ])uds. In extreme cases the trees come into bloom in the fall 
after the apjilication of the w^ater. Over-application of irrigation 
water in the summer is quite likely to induce sour sap. Perfect 
drainage is absolutely essential. Winter irrigation is much pre¬ 
ferable wdiere the soil is deep and heavy enough to retain moisture 
for use throughout the summer. 
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Pruning. 

Pnming after the first two to four years, as at present practiced, 
consists largely in the removal of watersprouts, dead and interfer¬ 
ing branches. The nature of the crop and the methods employed 
in harvesting it, make it unnecessary to keep the tree comparatively 
low as is necessary with fruits which must be picked by hand, such 
as the peach, apple, pear, etc. Irregular pruning is commonly 
practiced to the great detriment of both tree and crop. A moderate 
pruning each year tends to keep the tree growing normally and 
does not induce the excessive growth of watersprouts that the ir¬ 
regular pruning does. This watery growth weakens the set of fruit 
buds. 

The almond is naturally a long-lived tree and will grow and 
bear good crops when past forty and fifty years old, provided decay 
is kept out of the heart of the tree. This is not difficult to do if 
large wounds are properly cared for so as to encourage rapid 
healing. 

Harvkstino. 

Harvesting is done when the hulls have split well open, expos¬ 
ing the nut inside, by knocking the hulls, with the nuts in them, 
from the trees with poles. These drop on large (*anvas sheets spread 
on the ground beneath the tree. They are emptied into lug boxes 
and hauled to the liuller whtu'e they are hulled by ma(*hinery. The 
nuts are then spread on trays to dry in the hot sun. They will be 
dried snffi<dently when the meats break without bending. 


HIjEACJHNO. 


if the nuts are intended for the whole nut trade, they are next 
bleached to make the dark nuts lighter and more attractive in 
appearance. Thty ar<‘ first either sprayed lightly with water, or 
what is far better, steamed for a short time so as to moisten only 
the shell, and are then run into a eiosed room or bleaching house 
where the fumes of burning sulphur Mill do the bleaching in from 
ten to thirty minutes. Caiv must be exercised to see that no 
moisturt* gets to the kernel for the fumes will penetrate the meat 
and injure the flavor. Nuts improperly bleached do not keep mtII 
and soon bee.onie rarnid. l:ileaehed nuts do not germinate as well 
as unbleached ones if it is at all over-done. 

ff the public <«onld be taught to use unbleached almonds, it 
would eventually be better satisfied because of bettiu' and more 
uniform flavor and keeping (pialities. Some varieties are naturally 
lighter in color than otliers and these are gradually gaining in 
preference over th(‘ darker shelled varieties. Weather conditions 
at time of ripening have a great deal to do Avith the color of the 
shells. Damp or foggy M^eather at this time will cause them to 
darken very materially. Hot, dry weatlier ripens the nuts quickly 
and they may be harvested and dried before they have much op¬ 
portunity to darken. 
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Cracking. 

If the nuts are to be era(*-ked for the meats, sulphuring, of course, 
would not he necessary. In this case the nuts and shells are allowed 
to become thoroughly hard and dry, and then they are run through 
the cracking machine. Up to the present time no one has been able 
to devise a cracker that will shell Jordan almonds without breaking 
a large proportion of the meats. This variety has an exceedingly 
hard shell and an especially line flavored meat. The hard shell, 
howevim, has prevented the Californian, under the handicap of 
high price labor for hand cracking, from competing with the Span¬ 
ish producer with his cheap labor. One reason for the small acreage 
of Jordans is therefore clear. At the present time most of the Non¬ 
pareil crop is (^racked for confectioners who want the meats only, 
and desire a plump, smooth, uniform meat, easily bleached and of 
a good flavor. 

Varieties. 

The varieties at present grown are nearly all of local origin, the 
European varieties doing much more poorly as a rule. The Hatch 
varieties (Nonpareil, I. X. L. and Ne Plus Ultra) are by far the 
most popniar. Then (‘omes the f)rak(», and after that the Texas and 
Languedoc. Ttie three Hatch varieties are (*arly bloomers and also 
the first to ripen. The latter is a very strong point in their favor. 
Some varieties are very good in themsidves but are so late in ripen¬ 
ing as to distinctly reduce their value*. Tin* late ripening varieties 
are liabh* to be caught by the early fall rains. The earliest bloom¬ 
ing varieties are objectionable because of the danger from late 
spring frosts. Unfortunately, however, the b<*st varieties are not 
the lat(* blooming ones. 


Pests. 


Like other orcliard tre(*s, the almond lias its insect pests and 
diseases. Of the insect pests, the worst is nndouhtedly the red 
spider, of which there are two distinct kinds, the brown mite, 
{Brifohia praimsis), and the yellow mite {Teiranyvhus bimacu- 
latus). The former lives on the tree the entire year and works 
nearly all summer. The latter lives in the ground and other plants 
during tlu* winter and spring and crawls onto the almond about 
the middle of May, or after. The brown mite may he very success¬ 
fully controlled by the late winter spray with lime-sulphur just 
before the buds open. The yellow mite can he controlled by means 
of dry or liquid sulphur sprays just as soon as the pest appears on 
the trees. The liquid sprays are much more positive and satisfac¬ 
tory in every way and they are gradually replacing the dust sul¬ 
phur, whmli was formerly the only one used. Where the red spider 
or mite is not controlled, the leaves often drop in mid-summer, 
sometimes ])efore the (*rop is harvested. Th(* evil effects of such 
conditions are obvious. 
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Diseases. 

Of the diseases, the root knot is probably the most widely pre¬ 
valent. Control must begin with planting healthy trees with clean 
roots. After infection takes place, control measures can hardly do 
more than hold the disease in check. In some cases, complete re¬ 
moval of large knots at the crown followed by painting with 
bordeaux paste will len^hen the life of the tree very materially. 

Armillana, or oak fungus, is found in many districts though 
generally in rather small spots at the present time. The almond is 
one of the most susceptible to this disease. The chief means of con¬ 
trol at present lies in cutting out trees from and around infected 
areas to prevent its slow but steady onward movement. 

Shot hole fungus does appreciabh' damage in years of late spring 
rains and continued damp weather. As a rule it is not serious, 
however. 

Sour sap is sometimes l)ad after late spring rains followed very 
quickly by warm growing weather. This condition is much worse 
in heavy, poorly-drained soils because of the almond’s natural in¬ 
tolerance of standing water around its roots. 

The Persian W.^lni^'—Soils. 

The Persian walnut requires different conditions in many ways 
from the almond. Instead of a light soil, it much prefers a com¬ 
paratively heavy soil though in either case it must be deep and 
well drained. Instead of thriving under hot dry w'eather this wal¬ 
nut prefers somewhat cooler conditions where sunburn will not be 
so bad. It is a large grower and heavy feeder, using large amounts 
of w^ater in a season. The ideal soil, therefore, is a fairly heavy 
soil, uniform to a depth of at least twelve feet, free from an exces¬ 
sively fluctuating water table, and well drained. The naturally 
late blooming habit of the walnut renders the consideration of frost 
unnecessary except at higher altitudes and in places where the 
spring frosts (‘ontiniie very late. 

Rootstocks. 

The Persian walnut industry in Southern ('aliforuia and along 
the coast has been largely a seedling industry, and now that propa¬ 
gation of definite varieties is being undertaken on a larger scale, 
the subject of rootstocks has become a very important one. The 
Persian walnut root is very subject to unfavorable moisture condi¬ 
tions and to some diseases such as armillaria, whereas the California 
black walnut and the hybrid roots are much more resistant. The 
California black and the Royal hybrid (California black x eastern 
black) will live under soil moisture conditions which would kill the 
Persian or Paradox hybrid (Persian x black) walnut. For this 
reason they have been widely used for stocks. There is not sufficient 
evidence yet at hand to say that, in the long run, the hybrid roots 
make sufficiently better rootstocks to pay for the added difficulty 
in getting true first generation hybrids. The straight California 
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black walnut root is still very popular and deservedly so. In the 
central and northern parts of the state, and especially in the val¬ 
leys away from the coast, the Persian root is very little used. By 
using a California black root grafted high to Persian a great deal 
of sunburn of the trunk is avoided. 

Varieties. 

For interior situations where sunburn is bad, this is liable to 
extend to the nuts themselves if the tree is of the type which bears 
nuts on the outside of the tree unjirotected, or largely so, from 
the hot sun. Some varieties, such as the Eureka, bear their nuts 
on the inside of the tree, or shaded by the leaves where borne on 
the outside, so that sunburn is reduced to a minimum. By a 
judicious choice of varieties, the area, where successful walnut cul¬ 
ture is i)racticed, has been greatly enlarged and will be still further. 

These (‘onditions have resulted in the development of a con¬ 
siderable area to Persian walnut culture in (California which it was 
previously supposed was not fitted for it. The prospects are that in 
the future the Southern (California will have real (*ompetition in 
Northern (California, thougli the varieti(‘s which will be grown in 
the two districts will undoubtedl.y be ]arg(dy ditferent. 

The Persian walnut acreage is increasing much more slowly than 
the almond acreage because of the much greater time necessary to 
bring the trees into bearing, and also be(*ause of the greater diffi¬ 
culties and cost of getting the plantation started. 

Walnut Blioht. 

The limiting factor in Southern (California, especially, is wal¬ 
nut blight, for which no real control methods have yet been found. 
The selection of late leafing and blooming varieties helps to a cer¬ 
tain extent, but in some years even these varieties do not secmi to 
avoid it. v 

The Pecan. 

The status of the pecan in (Jalifornia is still very uncertain. 
Trees can be found growing in various parts of the state though 
for the most part they are seedling trees of unknown parentage. 
There are, however, a few trees which give indications of what can 
be expected by a judicious selection of varieties, etc. Before this 
can be fairly done, a much greater amount of trial and experimental 
work must be assiduously followed out. 

The soil requirements which are similar to those of the Persian 
walnut, are readily found here as has been demonstrated by the 
fine, thritfy growth and good (condition of old trees found growing 
along the roadsides. 

If we consider only the high class nut of the good size, flavor 
and cracking qualities of many of the standard varieties, the pecan 
is considered to be the best nut on the market, and when the price 
comes down to a reasonable figure there is no reason why the pres¬ 
ent consumption should not increase many times over. 

Because the pecan is not native to California, as it is to a large 
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part of the South, we could not hope to compete with natural 
groves and cheap labor; but in the large sized named varieties of 
good quality, there is no apparent reason'why some districts could 
not do well with this crop. 

The Chestnut. 

The chestnut up to the present time has never been given a 
fair trial in this state. It is possible that with the forests of chest¬ 
nuts in their natural habitat in the eastern states being speedily 
killed by the chestnut bark disease, that some of the trade in chest¬ 
nuts might be transferred to this part of the country. The disease 
can be kept out by quarantine with no fear of its coming from the 
East by natural means, because of the great impassable barriers of 
mountains and deserts. 

Sufficient trees may be found growing in the state to indicate 
that climate, soil and moisture conditions favor the growth of good 
strong healthy trees. Here again we still have the problem before 
us of choosing the right kind and varieties which will be adapted to 
commercial production. This industry at best must grow slowly, 
but there is no doubt that it should be tried in many places where 
at present no trees of value are being grown. Many of our moun¬ 
tain counties appear to be well adapted to this tree. 

The Filbert or Hazetv-Nut. 

The filbert, or cob-nut, or hazel-nut, belonging to the genus Corj/- 
UtHf is at the present time of no considerable economic import- 
in the United States. Oregon is doing something with it in an ex¬ 
perimental way at least. The hazel is native to California and it is 
possible that tliis wild nut may be made to become of greater value 
if varieties can be found or developed which will produce with 
greater regularity. The Euroiiean varieties are subject to a fun¬ 
gous disease in the East which probably accounts for failures in 
making the industry profitable there. Conditions here are favor¬ 
able for naturally holding such a disease in check. 

The Pistache. 

The pistache nut, used so commonly in confectionery and flavor¬ 
ing, is a comparatively new nut in California. There are plantings 
in both northern and southern California that shoiv the possibilities 
of production. It is too early yet to predict to what extent the in¬ 
dustry will expand, though present conditions are very favorable. 

Conclusion. 

With such possibilities for the development of nevr lines of nut 
culture and the enlarging of old ones by careful, sane methods of 
reducing the cost of producing and marketing, and the development 
of varieties that will bear larger crops of better quality, California 
has a large field of usefulness and a responsibility which sbe must 
not shirk. 
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THE SUMMEB TRAVELING PRACTIOE COURSE AS A 2IEANS OF 
TRACING HORTICULTURE. 

By J. E. CoiT, Vmversiiy of California, Berkeley, California, 

(This address is published in the Cornell (countryman for 
October, 1915.) 


ANNUAL MEETING AT COLUMBUS, OHIO. 

1915 

TUESDAY, DECEMBER 28, 9:30 A. M. 


Owing to the absence of President Howard th(^ meeting was 
called to order by Vice-President Crow. President Howard arrived 
and presided after the first address was given. The jirogram as 
published was followed as closely as possibh^ 

THE PERSIAN WALNUT IN PENNSYLVANIA. 

By F. N. F.^oan, fJ.vprrimrnf Stafion^ Siafe CoUeye, Pa, 

This subject may come as a surprise to many members of the 
Society for hlorticultural S(denc(*. Throughout Pennsylvania we 
find a large number of old Persian walnut trees. The majority 
of these trees are seedlings. They show a great deal of variation 
in shape of nut, flavor of kernel, color of kernel, thickness of outside 
husk and size of the mature nut. They also show different degrees 
of hardiness, many trees being killed and others injured by winter 
conditions. The winter of 1911-12 was (juite severe in regard to 
low temperature and drying winds. Many trees, however, with¬ 
stood this winter and showed no injury in the spring of 1912 and 
have been in a healthy condition ever sinct*. 

The interest in nut culture throughout our state is increasing 
and especially in the Persian walnut. This condition, no doubt, is 
stimulated by the advertisements of nurserymen selling walnut 
stock. 

The Experiment Station in the past three years has been be- 
seiged by many inquirers, asking for information relative to varie¬ 
ties, soils, and where trees could be secured. 

A publicity campaign was started by our newspapers of the 
state, asking for information as to the location of any bearing Per¬ 
sian walnut trees within the state. We have been greatly surprised 
in the number of trees reported. Many of the trees have been 
visited by representatives of the College and Experiment Station. 
About 2000 trees have been reported including several good sized 
groves which are tabulated as follows: 
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In Erie County, two groves have been reported; one has 250 
trees 14 years old and planted 50 x 50 feet. These trees are seed¬ 
lings of Pomeroy. The other grove has 100 three-year-old trees. 

In Berks County there is one five-acre grove about 22 years old 
of budded stock received from Prance. 

In Bucks County is one grove of 6(X) trees eight years old. No 
information has been received in regard to the varieties or source 
of trees. One grove of 40 trees about twenty-five years old has been 
in bearing for a number of years. 

Throughout the state we find the trees on both mountain and 
valley land. They are scattered in 27 counties. 

The yields that have been reported vary from one or two bushels 
every other year to regular croppers producing as high as nine 
bushels a year on the average. 

Prom the information that we have been able to secure through 
inspection and correspondence, we feel hopeful that from the seed¬ 
ling trees we will be able to develop varieties for propagation pur¬ 
poses whicli at least will be desirable for the home planting in 
practically all of our counties. Possibly in our more favored sec¬ 
tion along Lake Erie and in our soutlieastern counties, varieties 
may be produe(»d that (*an be used in more or less of a commercial 
way. 

The subject of stoi^k upon which the Persian walnut should be 
worked is undoubtedly in tin* experimental stage in our state. The 
black walnut is being used but it is not a vigorous grower. The 
Persian walnut seedling is a more rapid grower, but possibly not 
([uite so hardy. The common •)aj>anese walnut is a very thrifty 
grow(*r and seems to he (piite liardy. Thus it may be desirable to 
use it in experimeiiTal work. To be sure, our eastern states can ^ 
draw upoji the hybrid nuts of California for their stock, if desirable.i^ 

We expect to continue the work with the Persian walnut, but 
it is needless to .say that if will take years before definite informa¬ 
tion is received from experimental work. 

(This address was illustrated with lantern slides showing many 
of the walnut trees growing in Pennsylvania, i 

THE TWO GROUPS OF VARIETIES OF THE HIOORA PECAN AND 
THEIR RELATION TO SELF-STERILITY. 

By 11. P. Stuckey, Gvorgia Experinuni Siation, Expnimcni, Ga, 

Por a number of yt*ars we have been (‘ollecting data on the 
beliavior of a considerable number of varieties of pecans at the 
Georgia Experiment Station. During this time we have received 
frequent notices from various sections of the pecan belt, of isolated 
single trees or of isolated small groups of trees of a single variety 
being shy bearers, or not bearing at all, though past the usual bear¬ 
ing age for that particular variety. This raised the question of 
whether or not some of the varieties of pecans were not wholly or 
partially self-sterile. 
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The Two Groups op Varieties. 

In making our phenological notes on twenty-five varieties grown 
in tile variety plat, we observed that the varieties could be divided 
into two distinct groups based on the floral characters of the cat¬ 
kins of the staminate flowers. In group I, the catkins of staminate 
flowers are large and the individual flowers of the catkins are 
shielded by rather small and inconspicuous bracts. In group II, 
the catkins of staminate flowers are narrower and often longer, 
while the bracts shielding tlie individual flowers are long and con¬ 
spicuous. However, the two most important differences between 
these two groups, from an economic viewi>oint, are the difference 
in the viability of the pollen, and the diff(U*ence between the time 
the pollen is shed and the time the pistillate flowers become 
receptive. 

Samples of pollen from each variety of the two groups were col¬ 
lected and germination tests made. It was found that the pollen of 
group II was almost three times as viable as that of group I. The 
following table gives the results of the germination tests in detail: 


Variety. 
Big Triumph 
Centennial . 

Jerome. 

Mantura .,. 

Mobile. 

Nelson. 

Pabst. 

Hobson. 

Randal. 

Rome. 

San Saba... 
Washington 


Variety. 
Appomattox .. 

Atlanta. 

Bradley . 

Curtis . 

Protscher .... 
Moneymaker . 
Pan American 
President .... 

Stuart. 

Techc . 

Van Deman... 
Young . 


Group I. 


Per cent of 
Pollen Germinated. 


10 

12 

1 

15 

10 

12 

12 

15 

8 

2 

1 


Group II. 

Per cent of 
Pollen Germinated. 

:. 15 

. 40 

. 35 

. 40 

. 40 

. 20 

. 40 

. 15 

. 20 

. 50 

. 5 

. 15 
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On May 11, the pollen of Robson and Big Triumph that was 
gathered May 3, was again tested. Pollen from both of these varie¬ 
ties germinated. Germination tests were made of the pollen of sev¬ 
eral of the varieties twenty days after it was gatliered and brought 
into the laboratory, but none of it germinated. 

But it is in the time of the shedding of the pollen that, perhaps, 
the most important of the differences between tlie two groups is to 
be found. Varieties of group 1 shed their pollen at about the 
same time that the pistillate flowers become receptive. In group II 
we find that the varieties shed their pollen after the pistillate 
flowers are receptive, some of them shedding their pollen as late as 
thirteen days after the pistillate flower reaches the receptive stage. 

A large number of terminals of several varieties were bagged 
with a heavy grade of cheese cloth. In some of the bags all the cat¬ 
kins of staminate flow(‘rs were cut out ; in others both staminate 
and pistillate flowers w^ere allowed to remain. Accurate records of 
the dat(‘s the pollen began to shed, the dates the pistillate flowers 
became receptive, and the type or size of the (*atkins, were kept 
for all varieties. The following table gives the results: 


Group I. 

Date Pistillate Date Pollen Size of 

Variety. Flower R(‘(ieptive, Began to Shed. Catkin. 

Aliev .May 1 May 1 Large 

Big‘Triumph. " 

Centennial .April 30 

Mobile .May 1 *w 

Mantimi . April 30 

Nelson .April 30 “28 

Pabst . “ May 1 

Randal.May 1 

Rome .April 30 April 30 

Robson . “ “ May J 

San Saba. 2 

Washington . 20 April 27 

Group 11. 

Date Pistillate Date Pollen Size of 

Variety. Flower Receptive. Began to Shed. Catkin. 

Atlanta ‘.May 1 May 10 Small 

Appomattox .April 30 ‘*5 “ 

Bradley . 0 

Curtis . 

Protscher . 10 

Moneymaker. 

Pan American. ‘‘ ‘‘ 0 

President . 

Russell. 6 

Stuart . ‘‘ 

Van Deman. ‘ 9 

Teche. ‘‘ ‘‘ ‘‘ 8 

Young . ‘‘ 9 
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Unfortunately, the cloth from which we made our bags was too 
heavy or thick and excluded so much air and light that it prevented 
normal fertilization where the catkins w^ere left in the bags, or 
even where hand pollination was practiced. Under these condi¬ 
tions very few normal or mature nuts were produced in any of the 
bags regardh*ss of the kind of pollen applied. 

From the foregoing data the relation of the two groups of varie¬ 
ties to se]f-st(Tility is obvious. The interval between the receptive 
stage of the stigmas of the pistillate dowers and the shedding of the 
pollen of the varieties of group If, shows the neiMwty for including 
in all pecan plantings some of the early staminate blooming varie¬ 
ties to serv«‘ as y)ollinators. This point is made clear by noting the 
time of the pollen shedding of the (hirtis variety. On May 12 the 
stigmas of the pistillate flowers of the Uurtis variety had completely 
dried and the young nuts had begun to develop although no pollen 
from the staminate dowsers of this variety had begun to shed, thus 
showing that the pistillate dowers had already be^en fertilized by 
earlier blooming varieties. 

Our work is not comdusive, neither is it (complete, yet W(‘ feel 
that the observance of the results already obtained will aid towards 
preventing much of the ])oor hearing of ]K‘cans throughout the 
pecan belt. 

CULTURAL METHODS IN BEARING ORCHARDS. 

By J. P. Stew \iiT, Kxprrivienf Sfaiion^ State College, Pa. 

(This addri‘ss will he published as a bulletin of the Penn¬ 
sylvania Agritmltnral Experiment Station.) 

ORCHARD MANAGEMENT INVESTIGATIONS. 

By Joseph Oskamp, Pardae Unhur.sitif, Lafayette, Jadiana. 

I wish to present briedy tlie outline of an experiment in orchard 
soil management in Indiana. Not that this is by any means a new 
problem for resear(»h, but inasmuch as the underlying principles 
which govern it have been little understood and largely built upon 
theory, there are still many things which lack adequate explanation. 
We have heard that certain cultural methods have been attended 
with greater success in apple growing than others, but definite 
statements backed up by convincing experimental evidence as to 
why these results were achieved, have not been so readily forth¬ 
coming. Therefore, I may say that it has been our especial ideal 
(aside from testing out methods of management under Indiana con¬ 
ditions) to be able to answer why such differences are apparent and 
with a reasonable array of data to substantiate arguments. 

This particular piece of work has now progressed five years and 
while some very interesting data have accumulated we do not feel 
justified at this time in offering results. Many are too prone to 
look upon statements made in public as definitely established facts, 
no matter if advanced as only tentative conclusions. 
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In bringing this outline before you 1 trust we may be mutually 
helpful. New ideas, criticisms and suggestions are invited and will 
be gladly received. 

The experimental plots are lo(*-ated on a glaciated, rough, river 
bluft, upland soil in southern Indiana. The rocks of the region are 
limestone which outcrop on the steeper hillsides. Mechanical 
analysis shows the soil to be a clay silt. The soil is of very moder- 
ate fertility, 25 to M bushels of corn and 12 to 15 bushels of wheat 
being possible during favorable seasons without fertilizer. But be¬ 
ing clay it holds the moisture exceedingly well if any attempt is 
made to conserve it. 

The experiment is laid oft* in plots of two and three acres in 
extent. The plots are laid out as follows: 

A; ('lean cultivation with rye cover crop, fifteen years. 

B : ('lean (mlture with cover crop five years, followed by ten 
years in grass. 

V : (Jrass cut. once or twi(*e a year and allowed to lie where 
it falls, supplemented by an adequate straw^ mulch. 

1): Grass cut once or twice a year and allowed to lie where 
it falls. No additional mulch. 

E ; Grass cut and piled about trees for five years, and then 
supplemented with straw for the last ten. 

F: Grass cut once or twice a year and raked up about the 
trees as a mulch. No additional mulch. 

A system of continuous clean tillage without a cover crop has 
not been iiududed in tliis plan for two good reasons In view of 
past experience both experimental and practical, tliis system of 
orchard soil management woukl hardly be (*ountenanced today, for 
reasons with which you are all acquainted. Then the nature of the 
soil and the topography of th(» land would positively not admit of 
such a practice in this case. 

Likewise, a system whereby the grass is cut and hauled off for 
hay has not beeii deemed worthy of trial. 

Rye has been chos(ui as a cover crop deliberately and with in¬ 
tent. It is the most universally sown crop as an orchard cover in 
our state, and as our cover crop exiieriments show it is a very satis¬ 
factory one for this purpose. It also eliminates from consideration 
a most elusive and variable factor. It is a non-legume and results 
will not be confused with the possibilities that a legume might en¬ 
tail with its own peculiar effect on the nitrogen and on the bacterial 
population of the soil. 

In order that we may satisfactorily interpret the activities of 
the trees as influenced by methods of soil culture, it becomes neces¬ 
sary to have some measure of these activities and to know what 
changes are being wrought in the soil. 

As an index of the vegetative status of the tree we have chosen 
circumference increment as being simple and yet accurate if taken 
at a fixed point on the trunk. It would seem equally as good as 
terminal extension or leaf measurements. Circumference measure¬ 
ments are taken annually and at such additional times as our other 
dkta seem to indicate important. 
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Studies of root growth are made possible by the planting of 
interplants which can be removed from time to time for study. 

Of course, fruitfulness is the ultimate arbiter of the superiority 
of one method of culture over another. Under this head is included 
bearing age of tree, size, yield, color and quality of fruit. 

Bather complete pheiiological and meteorological records are 
kept because of their intimate relations to other factors. 

Th(* initial soil investigations consisted of (complete mechanical 
and chemical analyses so that future changes in these respects can 
be noted. Changes in the chemical and physical constitution of the 
soil under different methods of culture will probably occur and 
these in turn must influence the tree. 

Soil sample stations ar<* located throughout the plots in such a 
manner as to secure representative samples. In addition a similar 
numbtu' of plot samples is taken. The station samples in mulch 
I>lots are secured beneath the mulch about a foot from its outer 
edge or an equivalent distance from trees not mulched, while the 
so-called plot samph^s are taken at a point equidistant between two 
trees. We thus have a knowdedge of conditions beneath the mulch 
and iji close proximity to the tree roots and at the same time at a 
more remote point representing adjacent conditions. 

All samples are taken with sufficient frequency throughout the 
season so that an intimate* knowledge of the environment under 
which the tree is living is obtained. Tlje soil factors of which we 
are keeping records and making det(*rminations during each year 
may be grouped under four h(*ads: 

1. Soil moisture. 

2. Humus and organic matter. 

3. Bacterial activity. 

4. Soil temperatures. 

These factors are important by tlu*mselves and yet intimately 
related to (*ach other. 

Probably of first moment is soil moisture for upon this the plant 
is dependent for its welfare. And we find a great divergence in 
soil moisture under these different treatments, as much as 11 per 
cent in some cases. 

Humus and organic matter count for much and are receiving 
due attention. They stimulate-all the desirable functions of the 
soil and these in turn act upon the tree. Tt is hoped light may be 
shed on the weight that (^an be accorded to humus as a factor in 
tree growth and fruitfulness. 

An investigation which attempts to explain the response of the 
tree to soil environment would not be complete without a study of 
the bacterial population of the soil because of the close association 
of these micro-organisms with moisture, humus temperature and 
aeration, and because they are responsible for some of the most 
important processes which go on i\i the soil, nitrification, ammonifl- 
cation, and nitrogen fixation. 

Without going into detail here it will be sufficient to say that the 
numerical strength of the soil organisms are obtained by making 
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plate cultures from greatly diluted soil solutions which are incu¬ 
bated for a certain time at optimum temperature and counts made. 

As an indication of the bacterial activities of the soil, its nitri¬ 
fying, ammonifying and nitrogen fixing powers are tested. The 
method is essentially a measure of the production of these processes 
of nitrification, ammonification and niti*ogen fixation in a suitable 
solution by the organisms present in a known sample of soil. 

Closely related to moisture, humus and bacteria, is soil tempera¬ 
ture. The important offices which it performs have been much 
speculated upon. Data bearing upon actual temperature conditions 
existing in the field under dift'erent cultural systems for any signifi¬ 
cant period of time, have been lacking. 

A continuous record of soil temperatures is being kept by means 
of thermographs whicli rt^cord antoniati(*ally. These instrxnnents 
consist of a cylindrical drum revolved by an eight-day clock. The 
temperatures arc' traced upon the drum by a pen connected to an 
ether disc and this in turn to an ether thermometer bulb in the soil* 
In this way true* diurnal and annual fluctuations in temperature are 
arrived at. It has been shown in this connection* that tillage with 
cover crop exhibits extreme diurnal and annual fluctuations; that 
straw mulch tends to equalize these fluctuations as does a grass crop, 
though in less degree*. 

Jt is thus hoped, by scrutiniziug with an (experimental attitude 
the various elements involved which seem to be most potent, to be 
able to explain our ultimate findings. 

OECHARD ECONOMICS. 

By M. W. JiicuAKUS, Experiment Station, Lafayette, Indiana, 

Five years ago the borticultural dc*partment of the Purdue 
University Experiment Station inaugurated a, system of community 
demonstration orchards. The objects of this scheme were three¬ 
fold : First, to demonstrate to the farmc^rs of the surrounding ter¬ 
ritory that they wc're overlooking a vc'ry profitable portion of their 
farms when they neglected their orchards; sec^ond, to educate them 
to better orchard management methods by ocular demonstrations; 
and third, to gather data on farm orchard management costs. 

Neglected farm orchards were selected in ten representative sec¬ 
tions of the state. The plantations varied in size from two to forty 
acres. An agreement was entered into with the owner whereby he 
obligated himself to care for the orchard according to the directions 
given by the repre^sentative from the Experiment Station. The 
owner agreed to furnish all necessary tools, materials, and labor, 
and to leave a specified number of trees uncared for as a check plot. 
He also promised to make full and complete reports on all labor, 
material and equipment expenses, as well as on all returns from the 

* Oskami), Joseph. Soil temperatures as influenced by cultural methods; 
Journal of Aj^ienltural Research, Vol. V, No. 4. 
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orchard. The Experiment Station agreed to give the project per¬ 
sonal supervision and to instruct the owner in the various branches 
of orchard management. Prom the outset the educational and 
demonstrational objects have been accomplished. Each orchard is 
a center of renewed horticultural interest. In one community alone 
the sales of lime-sulpliur increased in two years from one barrel to 
three carloads per season. 

The statistical data collected in this work have been very inter¬ 
esting. For the purposes of this paper, however, it has been deemed 
advisable to limit the discussion to the management costs reported 
from one representative orchard. 

The orchard selected is located in the southwestern portion of 
the state on the bluffs of the White river. The region is especially 
well adapted to orcharding. The soil is a sandy loam underlain by 
a yellow clay suh-soil. The entire area is deeply underlain with 
soft coal deposits. Land and atmospheric drainage are excellent. 
Markets abound on every side because of the coal and oil industries. 

The demonstration orcliard is ten acres in extent and was a side 
line to a lOO-acre hill grain farm. The trees are twenty-one years 
old. The varieties are as follows; Arkansas Black, White Pip¬ 
pin, Lla>ton, Stark, Grimes, Winesap, Rome Beauty and Ben 
Davis. All of these varieties thrive in this section although the 
Stark and (.^iayton are especially susceptible to apple blotch. This 
disease and the codling moth had always taken possession of the 
crop in i)ast years. In the spring of 1911 the ownej’ was induced 
to sign a demonstration orchard agreement. Since that date he has 
followed instructions and has rei)ort(Ml very carefully on his man- 
ag(unent (‘osts. The following table summarizes these costs. 


Management Costs Per Acre. 


Year 

3911 

1912 

1913 

1914 

1915 

Average 

Pruning .$10.00 

$ 4.92 

$ 4.88 

^ 0.60 

$ 5.20 

$ 5.12 

Cultivation . 

16.00 

12.40 

10.40 

9.95 

2.50 

10.25 

Fertilizing . 


4.80 




.96 

Spraying Dormant 


6.24 

7.08 

6.85 

5.88 

6.51 

1st. In Summer 

7.10 

4.68 

5.12 

4.65 

4.20 

5.15 

2nd. In Summer 

7.45 

3.88 

4.00 

4.95 

5.00 

5.05 

3rd. In Summer 

7.30 

4.92 

5.40 

4.80 

6.74 

5.83 

4th. In Summer 

7.05 

4.44 

4.96 

5.80 

6.50 

5.75 


Total spraying . .$28.90 $24.16 $26.56 $27,05 $28.32 $26.99 

Harvesting fruit..$28.60 $22.00 $30.00 $28.25 $117.60 $45.29 

Total cost.$83.50 $68.28 $71.84 $65,85 $153.62 $88.62 


Man and team labor are charged at current neighborhood rates, 
15 cents per hour for man and 20 cents per hour for team. 
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The orchard which had never been pruned previously, was care- 
fully pruned in 1911 under the direct supervision of an expert from 
the Experiment Station, The pruning, together with hauling 
and burning the brush cost $10.00 per acre. In subsequent years 
this dropped to approximately $5.00 per acre. 

Clean cultivation was practiced from the outset. The initial ex¬ 
pense of breaking and removing sod from under the trees cost 
$16.00 per acre. Cow-peas were used as a cover-crop.- Almost im¬ 
mediate results were obtained from this w^ork. Fruit set on the 
cultivated area much better and was larger than that on adjoining 
sod blocks. The leavt^s were a rich, dark green (tolor on the culti¬ 
vated trees. The line of demarcation between the cultivated and 
non-cultivated areas was very distinct and could be seen one-half 
mile away. The average cost of cultivation and cover-crops for the 
five-year period was $10.25 y)er acre. 

Only three tons of manure, costing $4.80, were applied during 
the five years, this was us(k 1 as a stimulant to a few backward 
tribes. Little or no effects could be seen from its use. 

The most spectacular results were received from spraying. The 
4heek crop was eacdi year a worthless lot of fruit while the sprayed 
fruit sold at i>rofital)le pri(*es. A full complement of sprays was 
applied. The <1ormant spray of lime-sulphur was made each year 
after 3911 both for the scale and as a general fungicide. It (jost 
on the average $6.51 per application. The summer sprays were 
lime-sulphur-arsenate and hordeaux-arsenate, according to the ap¬ 
proved spray R(*hedules. Bordeaux was substituted for lime-sul¬ 
phur in the later summer sprays because of the prevalence! of 
blotch and bitter rot in this orchard. The four summer sprays 
averaged $5.42 x>cr acre per spray. This charge is rather high due 
to carelessness in apxiJication and to the fact that the dilution water 
had to be hauled oiic-half mile. The work w^as started in 1911 with 
an efficient t^'pe of barrel pump. This w’as too slow, however, and 
a high pressure, double-cylinder hand pump w^as purchased iii 1912. 
In 1913 a gasoline engine was added to the outfit. This home- 
assembled sprayer has given excellent satisfaction. From the 
spraying cost figures it w'ould seem that the high pressure hand out¬ 
fit was the most economical. However, the crop of 1912, the year 
thii^ outfit was used, was the smallest of the five years and there¬ 
fore less material and less time were expended on the trees. A 
handy source of water, more care in the purchase of supplies and in 
the application of material, would reduce the cost of spraying this 
orchard materially. 

In the foregoing table it will be noticed that the harvest items 
each year are very low. These figures cover the entire harvesting 
and marketing expenses of the orchard. In years of heavy yield 
the crop has been sold in bulk f. o. b. cars. The purchaser furnished 
crates in which the fruit w^as transported direct from the tree to 
the cars. This plan of action eliminated all sorting, packing 
and package charges leaving only picking and hauling to be 
charged against the crop. In years of lighter yields the crop was 
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marketed in the orcliard or in the small mining towns of the com¬ 
munity. The past season was one of bumper apple crops in Indiana 
and local sales were slack. For this reason a portion of the fruit 
was barrel packed and sold to an eastern buyer. 

Tlie result of past lo(‘al sales was felt even in this year of abund¬ 
ant yields. The best grades of Grimes, Winesap, Home Beauty, 
White Pippin, and Arkansas Black, w^ere sold from 75 cents to 
$1.00 per bushel. The bulk of the crop, however, brought only 
from $1.50 to $2.00 p(‘r barrel f. o. b. (‘.ars. 

The five-year average management cost per acre for this orchard 
was $88,62. This does jiot include regular overhead (fhargiis of in¬ 
terest, taxes and depreciation on buildings and machinery since our 
resMrches were interested only in actual management costs of the 
various phases of or(*hard management. 

The following table shows the total yield, gross returns^ manage¬ 
ment cost, and net returns per a(*re for five years from this orchard. 


Total Yield, Gross Keti rns, ^Management Costs, and Net 
Heturns Per Acre for Five Years; Also Average of Same. 


r*cr Acre 

1911 

1912 

1913 

1914 

1915 

Average 

Total Yield. 

AOH bu. 

225 bu. 

546 bu. 

335 bu. 

675 bu. 

438 bu. 

Gross Returns..., 

.$204.00 

$168.75 

.$334.80 

$178.50 

$397.25 

$256.66 

Management Cost 

. 83.50 

68.28 

71.84 

65.85 

153.62 

88.62 

Net Returns .... 

$120,50 

$100.47 

$262.96 

$112.65 

$243.63 

$168.04 


Method of Sai^e. 


1911— $1.00 per hundred pounds at car. 

1912— Local sales at orchard. Fifty cents to $1.00 per bushel. 

1913— Fifty cents per bushel at car. Few local sales at 50 cents to 

$1.00 per bushel. 

1914— ^Local sales at orchard, 50 cents to $1.00 per bushel. 

1915— One dollar and fifty cents to $2.00 per barrel at car. Local 

sales at 75 cents to $1.00 per bushel. 

The five-year average net returns were $168.04 per acre. Prom 
this must be deducted the regular overhead charges of interest, 
taxes, depreciation and management. To this item, however, should 
be added the appreciatio7i in value of the entire farm. In 1910 the 
farm could have been purchased for $50.00 per acre. The owmer 
has now refused a standing offer of $125.00 per acre. 

From the data obtained from this and nine other representative 
farm orchards of Indiana, we have concluded that the small com¬ 
mercial orchard has a decided place in the general scheme of 
diversified farming for the middle west. 

The farmer who has a certain aptitude for horticulture and who 
will so arrange his farm crops that they will not compete with his 
orchard for labor, will find that the fruit growing area of his farm 
will be the best paying acres that he possesses. 




WATEE SUPPLY AND PBUIT BUD FORMATION. 


51 


THE WATER SUPPLY AND FRUIT BUD FORMATION. 

By W. Paddock, Ohio 8taiiB University, Columbus, Ohio. 

Tile speaker is aware that many causes (combine to influence fruit 
bud formation, but he believes that some of these causes are of 
minor importancti in cases where avera^?e conditions prevail. Tn the 
practice of pruning, for instance, we are often told with great em¬ 
phasis that imicli of any pruning of an apple tree is inimical to 
fruit bearing and perhaps to its lif(^ Tt is better, according to 
this plan, to let the tree grow as it will, then when it becomes much 
too tall and the bearing wood limited to a thin fringe at the ends of 
the branches, some of the same authorities give us directions for 
rejuvenating or dehorning.’’ When this stage has been reached 
by some pro<'ess of reasoning, the dangerous eflPeets of jiruning and 
of the severest typ(» do not apply. 

Other kinds of trees and plants are most severely pruned, so 
wliy not prune the apple. Examples of severe pruning are the 
peacdi, in some localities, tin* X>lum, hedge plants, various trees used 
in formal gardening, and grape vines. Do you make the objection 
tiiat these illustrations do not apply because of the difference in 
sjiecies? Then tak(‘ the case of tlui apple tree itself. Surely no 
advocate* of rational pruning in America would care to jirune as 
severely as do tlie pomologists of Europe. Study the photographs of 
espalier, (^ordoii and other fantastically trained trees and you will 
see that very seven* pruning must be practi(xHl. But these same 
tre(*8 are fruitful, and moreover, they are long-lived. 

So far as there being anytliing in the notion that severe but 
rational pruning will shorten the life of a tree, is concerned, I 
would say that I would not hesitate to recommend ai)ple trees for 
use as hedge plants if there was any practical reason for doing so. 
T am sure that they would stand the required pruning and that 
they would make a substantial hedge*. 

Have you ever noticed the way in which (*,attics prune seedling 
trees that grow in pastures? Before much growth has been made 
the tender parts are browsed ba(*.k, thus inducing low branching. 
This process is repeated season after season and the tree not being 
able to grow much in height does manage to spread laterally. 
Finally, a dense bush is produced which eventually becomes so 
broad that browsing animals do not reach the center. When this 
time arrives one or more shoots rapidly spring up and form a top 
which bears fruit. Such trees frequently are both long-lived and 
fruitful. 

Many of the oldest apple trees that one can find are mere 
skeletons of trees consisting of a few bare poles with a fringe of 
brush at the ends, yet such mutilated trees may live for indefinite 
periods and not infrequently they are very productive, considering 
the fruit bearing area.^ 

A pear orchard on the Ohio State University grounds was al¬ 
lowed to make the usual growth, that is, several leaders developed 
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long, slender growth, thus produeing trees of familiar type. When 
the trees were about 15 years old we decided to put them into more 
compact form. This r(*(|uired sever{‘ pruning and in some instances 
limbs were cut back as mucli as ten tVet. This treatment produced 
a rank growth of water sprouts and many fruit spurs were trans¬ 
formed into vigorous shoots. But the third year aftiu* pruning tlu^ 
trees blossomed profusely anil even the water sprouts in many in* 
stances produced blossoms. 

We have long thought that the api)le (iould be i)runed nearly 
as severely as the pea<^h and in much the same way if there was any 
reason for so doing. We are not surprised tn find that some of our 
fruit growers ar<i doing this very thing and are meeting with suc¬ 
cess. This method of pruning is followed by several peach growers 
in the Port (^linton district. These men are smicessful i>each grow¬ 
ers and apples are a side line. Orcharding at long i*ange does not 
appeal to them, (‘onsequently their apple trees are pruned and 
trained mu(*h as th(‘ir jieach trees and with success. 

Such facts as tin* above rather lend toward the ('oncliision that 
too much stress sliould not be placed on methods of pruning a.s 
influencing fruit production. Rather should jiruning be regarded 
as a means of controlling the growth of trees. As a matter of fact. 
suc(*ess in pruning is largely a ciuestion of personal equasion. When* 
one man is suc(‘(‘ssful many others may fail, and those who belong 
to the latter class usually do best by patterning rather closely after 
nature methods. 

L(?t us discuss tlu‘ question of water supply and fruit produc¬ 
tion. An orchard fifteen years old near (Vdumbus, produ(*-ed a 
light crop in 1914 and in the spring of 1915 when Ohio orchards 
generally were loaded with bloom these trees blossomed scantily. 
The orchard has been well handled in every respect. The soil is 
heavy, though thoroughly tile drained. What is the cause of fail¬ 
ures in the rather numerous examples of this kind ? 

The speaker has had the fortune to visit orciiards during the 
two years just passed in the states of New Hampshire, Massa¬ 
chusetts, New York, Ohio, Indiana, West Virginia, Virginia and 
Mar*yland. The one featurt; that has impressed him more than all 
else is the fact that orchards located on stony land, are, as a rule, 
satisfactory and reliable producers. 

Take the famous Hitchings orchard at Syracuse as an example. 
It only requires a visit to convince one that this orchard is very 
successful. 13ut there are many others which receive better atten¬ 
tion, and yet, are not nearly so productive. 

W(i have here in Ohio several orchards of the same type, that 
is on stony hill land with partial sod-mulch culture and haphazard 
pruning. These orchards are noted for being productive and for 
bearing fine fruit. 

To the south of us we soon come to the famous limestone chert 
orchards. Those of you who are unfamiliar with this kind of land 
and the productive trees which it produces, have certainly missed 
something. 
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Why is it that stony lauds apparently are so well adapted to 
fruit production? It can scarcely be a question of fertility as some 
of these lands would* be classed as poor. Then too, experiments and 
practical trials have shown that applications of commercial fertili¬ 
zers often fail to produce greater fruitfulness. It usually is 
pointed out in these experiments that the organic content of the 
soil is the crop limiter. But what is the function of organic matter? 

The experiments recorded in Technical bulletin No. 9, New 
Hampshire Experiment Station, tend to throw some light on the 
subject. 

Quoting from page 70:—There is a eurrent belief in New Eng¬ 
land that tlie biennial habit of the Baldwin apple is brought about 
by rather periodical bicmnial droughts. It is well supported that 
withholding water from i)lants will force them to form flower buds 
and we have tabulated the rainfall at Durham since the beginning 
of this experiment in an effort to trace any relation in this orchard 
between the rainfall and the yield. True it is that this orchard has 
been profoundly disturbed by its cullural treatments, yet the latter 
years of the e.xperiment should show a relationship. By consulting 
the flgun's, how(n'(‘r, it will be seen that no correlation can be es¬ 
tablished in this experiment. However, we have shown that the low 
moisture content in Plot 4 has been associated with a high yield and 
believe if the experiment could be ])r(»perly controlled this point 
could be established. It would de])end no doubt at just what period 
in the growing season this drought would occur. The rainfall of 
one season should be eom{)ared with the yield of the next.’^ 

The item of special interest in this paragraph is the reference to 
Plot 4. It is stated that this plot is given clean cultivation, being 
plowed ev(»r>" sjiring and ciiltivaled at intervals of two w’eeks until 
the fii'st of Septemi)er. No (*over crop is sown and no fertilizer is 
applied. 

l^y combining some of the tables givtm in the bulletin we have 
the following: 

Table 1. Showing ilainfall at AVoodman Orchard for May, June 
and July ajid for the Period April 1 to September P and Yields of 
Apples. 


Rainfall 

Inches. 

3907 May 

3.89 

June 

2.62 

July 

2.82 

1908 May 

4.54 

June 

.96 

July 

3.36 

1909 May 

1.66 

June 

2.46 

July 

1.73 

1910 May 

1.27 


Total Number 
Apples. 


23,114 Comparatively light 


11,607 Light crop 


Rainfall April 1 
to Sept. 1. 
Inches. 

11.81 

15.01 

12.13 
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June 

3.27 

401,766 Heavy crop 

11.82 

July 

1.79 


1911 May 

1.10 



June 

1.83 

34,155 (bmparatively light 

13.42 

July 

4.96 



1912 May 

4.41 



June 

.20 

386,324 Heavy (*rop 

12.93 

Juh' 

4.14 


1913 May 

4.17 



June 

.20 

’**'48,421 (Vmiparativelv heavv 

12.35 

July 

.98 

(120,000) 


1914 May 

1.22 



J nne 

1.42 

577,135 Very heavy 

15.19 

July 

3.12 



1 do not know tliat this data is of imioli value, but it apparently 
indicates tliat the amount of moisture present in the ground at 
about the time when fruit buds begin to differentiate is of prime 
importance. 

The beliavior of tr(*es growing in stony land tends to bear out 
this theory as the water suiiply is better regulattid and good aeration 
is provided. 1 believ(» tliat the failure of the orchard mentioned 
above to produce ffowcn* buds, was du<‘ primarily to too mmdi water 
in the soil during a (*riti(*al time. 

A similar condition is found in th(‘ growing of i)otHtoes in Colo¬ 
rado, so why may it not b(‘ true with the apple. 

It wouhi appc^ar that a study of the behavior of tret^s grov\ing in 
stony soil, as well as of the soil itself, will throw some light on the 
behavior of tre(*s in general. And it is (juite possible that when 
such a study is made*, much which is mm obscure and contra¬ 
dictory will 1)e mad<» clear. 

TUESDAY. DECEMBER 28,1:30 P. M. 

THE RESULTS OF APPLE PRUNING INVESTIGATIONS. 

By W, H, Aedeumax, 

Experiment Hiaiivn, Morgantown^ West Virginia. 

Probably one of the oldest and most universally practiced of 
orchard opi^rations is pruning. Our earliest records in horticulture 
mention either directly or indirectly the art of pruning. In fact the 
horticultural writings of all times have abounded with discussions 
bearing upon the jiroper training of the fruit trees. Ancient phi¬ 
losophers and modern theorists alike have expounded facts, fancies 
pid fallacies with a cheerful confidence in their own wisdom and 
in the accuracy of their teachings. There is a surprising unanimity 
in the opinions of the various writers which may be explained only 
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upon the hypothesis that aJl have drawn their material from a com¬ 
mon supply. Such a storehouse of information might very aptly be 
called hearsay and generaJ observation, for upon investigation we 
find an appalling dearth of data from carefully eondiK'.ted experi¬ 
ments embodied in our pruning lore. It is indeed astonishing that 
a subject which inspired the pens of Pliny and Virgil and which is 
of acute current interest, should have been so conscientiously 
avoided by modern investigators. 

It is hardly possible in a paper of tips length to review the 
literature of the subject in detail, but a passing reference to the 
work of two or three men can hardly be avoided. The most note¬ 
worthy contribution to tin* literature came in Bailey^s Pruning 
Book, Bailey brought together, sorted over and correlated a vast 
amount of scattered information out of which, together with his per¬ 
sonal observations, he formulated his twenty justly famous princi¬ 
ples of pruning. Since 1898 the spirit of these twenty principles 
have been manifest throughout the teachings and writings of our 
American horticmlturists, 

Jn the 1907 Report of the Woburn Fruit Station appears an ac¬ 
count of a twelve-year experiment largely upon dwarf trees that 
does not bear out in full some of Baileydeductions. In this ease 
heavily pruned trees are sixteen per cent lighter at the end of 
twelve years than those moderately pruned, while unpruned trees 
w(‘re twenty per cent heavier than those moderately pruned. At¬ 
tention is called to the fa(‘t that the difference* in weight between 
the moderately pruned and unpruned was far greater than the 
difference in \veiglit of wood removed, thus indi(*ating that the prun¬ 
ing even in moderation retarded wood growth rather than stimu¬ 
lated it, a fa<d contrary to our usual presumption. Girth of the 
main limbs is jvported to have increased in inverse ratio to the 
severity of the pruning. In fruitfulness the unpruned trees ex¬ 
ceeded thostj moderately pruned in the ratio of two to one and ex- 
ceede<I those heavily pruned three to one. It is interesting to note 
that Goethe of the Eihingen V^iticultural Station reports a case 
when* lightly pruned trees increased the trunk diameter two eenti- 
metors in a single season, whereas heavily pruned trees increased 
only nine-tenths of a centimeter. These results serve to throw a 
shadow of doubt, at least, over some of our long established 
traditions. 

Tu the Spring of 1911 the West Virginia Station began a test in¬ 
volving various amounts of dormant pruning in one orchard. The 
following spring, 1912, this experiment was greatly extended to in¬ 
clude six orchards in various parts of the state and 515 trees rang¬ 
ing from one to twenty-five years of age. Misfortune under several 
guises pursued the work from the beginning. Many of the young 
trees proved to be of mixed varieties; lack of uniformity as to soil 
conditions not apparent at the beginning, developed in some cases; 
for two years the crop was injured or destroyed by freezes, and in 
a few cases the wrong type of data was secured. In spite of un¬ 
favorable circumstances some features stand forth clearly and seem 
to warrant a preliminary report at this time. 
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It will not be possible in this paper to consider each of the 
orchards independently or even to discuss the details of organiza¬ 
tion of each. Instead, we will group the orchards and discuss two 
phases of the project, the effect upon vigor, growth and fruitfulness 
of amount of pruning, and, season of pruning. In most cases the 
following series of plots were obtained. 

1. Heavy dormant pruning. 

2. Moderate dormant pruning. 

3. Light, or (*orre<*tiv(‘ dormant pruning. 

4. Heavy dormant and early summer pruning. 

5. Moderate dormant and early summer pruning. 

6. Early summer pruning. 

7. Repeated summer pruning. 

8. Midsummcir pruning. 

The early summer primings were made at first during tli(* last 
week of May, but for tlu^ last two years were mad(^ about June 15. 
The midsummer pruning was made from the first to tlie fifteenth of 
July and the repeated sumimu- i)runing was simply a combination 
of the early and midsummer prunings. 

Whej’e varying amounts of dormant pruning alone were (consid¬ 
ered, we would expeid that the heavier the jiruning the longer and 
heavier would be the new growth. This was invarialily the case. 
The question then arose as to whether the average length and 
diameter of the new growth was a true index of vigor. We are con¬ 
strained to beJi(*V(‘ that tliis was not always the case, at least upon 
small trees. Th<‘ heav’y priming greatly reduced the number of 
buds and (*onsequently reduced the number of shoots which stalled. 
It seenu^d reasonalile to believe that though fewer in number the 
shoots of the heavily pruned trees would actually measure up as 
great or even greater than those of the lightly pruned block. To 
test this point, two ])locks Mere selected in one orchard and one was 
heavily pruned while the other was lightly pruned. Annual meas¬ 
urements were made of the new growth and the prunings. The fol¬ 
lowing tabh' indi(‘ates the in(*rease in length of branches and in 
diameter of trunk ea(*li year for four years. 

Influenick of JhiiJNiNo reoxN Total IfEARLY Growth. 



Heavy 

Pruning. 

Light Pruning. 


Length 

Diameter 

Length 

Diameter 


Yearly 

of 

Yearly 

of 

At beginning of 

Growth. 

Trunk 

Growth. 

Trunk. 

experiment . 

4.41 ft. 

.33 in. 

5.58 ft. 

,28 in. 

1912 . 

16.25 “ 

.73 “ 

15.51 “ 

.68 “ 

1913 . 

41.53 “ 

1.15 “ 

34.33 “ 

1.16 ‘‘ 

1914. 

84.08 “ 

1.57 “ 

99.39 “ 

1.86 “ 

1915 . 

161.74 “ 

2.17 “ 

224.89 “ 

2.91 “ 
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Neither in total length of growth nor in increase of trunk 
diameter have the heavily pruned trees made as satisfactory a gain 
as the lightly pruned ones, except at the very first. The only possi¬ 
ble deduction from these figures is that continued heavy pruning 
acts as an inhibitor of growth rather than as a stimulant. It must 
be borne in mind, however, that no ac<;ount was taken of the fact 
that the average diameter of the yiiarly growth of the heavily 
pruned block was greater than of the lightly pruned block, so that 
the real difference in amount or Aveight of actual tissue j)reduced 
was not as much as indicated in the table. It is significant to note 
in this eonne<*tion that in all the orchards the lightly pruned trees 
arc noticeably larger in size than the heavily pruned ones. With 
few exceptions the increase of diameter of trunk has been in inverse 
ratio to the amount of wood cut off. 

Thus far W(^ find that heavy pruning forces a rank growth al¬ 
though it retards as a whole the production of wood tissue. There 
is presented an interesting (|iiestion of ivhether heavy pruning and 
particularly heavy heading hack, tends to make more stocky that por¬ 
tion of a branch producinl one or more years previous to the prun¬ 
ing. In other w'ords, <‘an a long slender branch be made more 
stocky by vigorous heading in at the <‘xtremity. On the young trees 
on which measurements were made to test this point, the results 
were not as clear cut as could be wdshed, yet they indicate on the 
whole that heavy heading-in tends to thicken the branch more rapid¬ 
ly than light pruning even as far down as that segment of branch 
produced four years previously. This is contrary to the results of 
the Woburn experiment and is not well correlated to our own re^- 
sults regarding the inerease in trunk diameter as relatinl to pruning. 
We frankly admit a high probable* error in this part of our data and 
do not lay undue emphasis upon this phase* until substantiated by 
further work. 

In the matter of fruitfulness, iiitei’esting correlations were 
secured, fn the one middle-ag(*d orchard in the test, the heavy 
pruning proved to be a stimulant to fruit jiroduction, whereas in the 
younger orcliards, it acted as an inhibitor. Two (*rops of fruit were 
secured as shoivn in the following table. 

Influence OF PRiTNiNij Tfon Yield. 

Ohl Orchard. Young Orchard. 

Bushels Bushels Apples Apples 

Pruning, per tree. per tree. per tree. per tree. 

Heavy dormant.... fi.65 14.02 348.6 12.45 

Moderate ‘‘ .... 8.2 11.94 414.2 19,8 

Light .... 7.89 9.15 471.7 33.32 

In another six-year-old orcliard the only fruits produced were 
upon the light pruned block, and in a five-,\ ear-old orchard the light 
pruned block averaged 85 per cent fruit buds this winter while the 
moderately pruned block averaged 82 per cent and the heavily 
pruned block .50 per cent. In young trees heavy pruning has de¬ 
layed fruit bearing and light pruning encouraged it. but in older 
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trees that had been bearing for some thoe and were in only a fair 
state of vigor at the beginning of the experiment, the vigorous prun¬ 
ing stimulated fruit production. Heavy pruning also produced 
strong new shoots but did not induce as great a total amount of new 
growth as light pruning nor did it produce as great an increase in 
diameter of trunk or size of tree. 

Wc will now pass on to the influence of pruning at different sea¬ 
sons on the vigor and fruitfulness of the trees. The following table 
indicates the results of summer and dormant pruning on terminal 
growth in four orchards. 

Influence op Seasonal Pruning on Terminal Growth. 

Length of terminal growth in inches. 


Grimes 

Golden. 

Lupton. 

Boyer. 

Sheets. 

Heavv dormant. 

H.79 

15.87 

7.18 

28.86 

Moderate dormant. 

12.68 

10.74 

6.7 

13.8 

Corrective . 

11.36 

8.37 

5.22 

9.67 

Early Summer. 

12.18 

10.48 

5.96 


Mid-Summer . 

11.31 

8.83 

6..59 

32.9 

Repeated Summer. 

11..% 

8..5r) 



Age of trees—years. ... 

11 

9 

25 ' 

6 

It will be noticed that in every 

case either 

heavy or 

moderate 


dormant pruning stimulated a greater growth thaii any of the sum¬ 
mer prunings and that the reduction in vigor was less in the ease of 
early summer pruning than with either repeated summer or mid¬ 
summer prunings. 

The foliage of a tree is a very good index of its vigor. Tn the 
season of 1915 a careful study of leaf size, color and number was 
made in the Lupton and Grimes Golden orchards. Tn all cases the 
blocks that had received summer pruning bore a paler or yellower 
foliage than those pruned in the dormant season. This difference 
in color was so distinct that there could be no mistaking the summer 
pruned blocks even at a distance. 

The ac(Jompanying table indicates the average size* of leaves and 
leaf area per tree for each tree in the several blocks: 

Leap Area Affected ry Pruning. 



Lupton. 

Grimes Golden. 


Size 

Leaf 

Size 

Leaf 


of Leaf. 

Area 

of Leaf 

Area 


Sq. in. 

Sq. ft. 

Sq. in. 

Sq. ft. 

Heavy Dormant. 

2.77 

610 

4.99 

1143 

Moderate l^ormant ... . 

2.37 

432 

4.18 

911 

Corrective Dormant .. . 

2.10 

418 

3.52 

659 

Heavy Dormant plus 
Early Summer .. 

2.67 

.524 

3.82 

794 

Moderate Dormant plus 
Early Summer. 

2.13 

450 

3.77 

526 

Early Summer. 

2.28 

384 

3.06 

458 

Mid-Summer . 

2.18 

284 

2.88 

480 

Repeated Summer. 

2.07 

297 

2.42 

298 
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From this table it is clear that summer pruning has caused a 
great decrease in the size of leaf, number of leaves per tree, and 
in the total leaf area per tree. If we further consider that these 
leaves are deficient in chlorophyll as evidence by their light color, 
we can readily see how greatly summer pruning has decreased the 
efficiency of the food factory of the plant. 

Much of this loss of vigor we have expected, but we have also 
expected a compensating increase in fruitfulness. In the old or¬ 
chard the data are conflicting and I will not burden you by enumer¬ 
ating them. In the young orchards we have attempted to correlate 
summer pruning with early bearing, but the correlation is negative. 
Merely corrective dormant pruning far exceeded all forms of sum¬ 
mer pruning in l)ringirig about early bearing, and in some cases the 
moderate and heavy dormant pruned blocks produced more bounti¬ 
fully than did the summer pruned trees. The writer has serious 
doubts as to the wisdom of deliberately impairing the vigor and 
vitality of a ti’ee to throw it into bearing. 

THE NEED FOR MORE HORTICULTURAL RESEARCH. 

By W. Fj. Howard, Universifg Farm Daris^ (Uihfornia. 

In ord<‘r to introdiuic my subject 1 hope 1 may be pardoned for 
digressing a inoment. A few years ago while spending a part of a 
vacation in the Sierras, 1 climbed from tln^ floor of Yosemite Valley 
to the toil of Gbnder Point. To those of you who Imve been there I 
need not say tliat this climb rtHpiired several hou^s of very severe 
physical effort. In trav(ding a mile and a half or it\ss, tlie vertical 
ascent amounted to three thousainl feet. 1 was acfcompanied by my 
wife and F)eing mindful of her safety as well as my own, I very 
naturally chose each step of th(‘ climb with great care. Often a con- 
templat(Mi step might look safe enough but, upon glancing into the 
depth below, I Avould feel the necessity for making a more careful 
examination of the footing before risking my weight upon it. There 
were iiumerous instances when a false step migiit hav(» sent us both 
hurtling downward, and it really is not pleasant to contemplate a 
half-mile drop into space even when in good company. Sometimes 
what appeared to be firm soil on a ledge turned out to be sand, or 
what looked like solid rock proved to be loose stones concealed by 
moss and lichens. Thus the journey was made without mishap but 
slowly, tediously, l)ecaiiso every step ha<l to be proven before the 
next one could be made. 

Now this little experience in mountain climbing is not unlike 
that of a man who undertakes to write a bulletin, scientific paper, or 
even to prepares a lecture to deliver in the classroom. Every mem¬ 
ber of this Society has to do some or all of these things every year. 
And I ask you how often have you tried to make the points of your 
discussion safe and unassailable by proving every step you took. 
Take almost any subject in horticulture, no matter how common¬ 
place, and how far can you proceed with your task if you try to 



60 


THE SOCIETY FOR HOKTICULTTJRAL SCIENCE. 


make all of your statements square with proven factsf Don’t you 
find that every few steps you discover, upon close examination, that 
what looked to be firm ground turns out to be loose sand and rolling 
stones? Facts are usually things that have been experimentally 
proven. Many of the accepted facta of horticulture—^statements 
that are repeated over and over because others have used them, un¬ 
til they have found their way into reR})ectable literature—^too often 
turn out, when subjected to the acid test of careful inquiry, to be 
mere theories or opinions. 

Granting that many of the things we givti our students every 
day as facts are really) truths that have been learned by long ex¬ 
perience or general observation, 1 ask if it is not high time that we 
cultivate the habit of proving our statements bv submitting the evi¬ 
dence. But, you object, we would never be able to get anywhere in 
a discussion—tiiat it is out of the question to try to prove everything 
we say. And unfortunately this is too true, which brings me to the 
real subject of my remarks, viz., the great, T might almost say, the 
crying need, for more horticultural research. 1 am using the word 
research h<»re in a very ])road sense so that it may include all kinds 
of experimental work. (Correctly speaking, an experiment is an act 
or operation designed to dis<^over, test or illustrate some truth, par¬ 
ticularly by arranging the elements or essential features of some 
object or pro(*ess so as to permit of controlled observation, as 
variety tests of fruits and v(*getables, pruning tests of trees, or fer¬ 
tilizer tests with growing plants. Researcli, on the other hand, is 
diligent, protra(ded investigation for the purpose of adding to hu¬ 
man knowledge. The ultimate aim of real research is the discovery 
of natural laws and fundamental truths. Research may, and prob¬ 
ably will, include many experimental tests, but the aims of an in¬ 
vestigator should reach much farther than the bare results of any 
tests. The experiments may be regarded as mere steps in an investi¬ 
gation. There appears to be a wide-spread belief that research 
means something impractical, that it can seldom or never be en¬ 
gaged in with direct profit to a state. Even some station directors 
—^though hapi)ily they are in the minority—--seem to hold this view. 

I do not for a moment under-estimate the value of experimental 
work. p]very horticultural department should have as many ex¬ 
perimental projects as (?an be handled. Tn this way many theories 
can be tested and a very great many practical questions answered. 
Still some dangers may lie concealed along the experimental way 
for in the very nature of things there are questions and problems 
that cannot be answered or solved by experimentation alone. Per¬ 
haps the chief danger is the predeliction for drawing unwan*anted 
conclusions from simple tests. Also students and very young sta¬ 
tion men may be misled into believing that they are investigating 
when they are only experimenting, and this may be fatal to their 
potential future usefulness. 

I cannot refrain from prolonging this part of the discussion by 
saying that investigational work may be the most practical kind of 
activity that men may engage in. To cite a field of inquiry in which" 
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I may claim more or less acquaintance, 1 may say that the problem 
of the rest period of plants—^while an investigation seeming on its 
face to serve no practical purpose, has already been found to shed 
light on the very live and very practical question of hardiness of 
fruits in cold climates. And in warm climates, particularly under 
semi-arid (conditions, 1 am (convinced that it will evemtually serve as 
a foundation stone on which to establish irrigation aiui pruning 
pracitices as applied to deciduous fruit trees. Both pomological and 
irrigation divisions are now (*arrying on (experiments, independ¬ 
ently and co-operatively, to determine these things, but I greatly 
fear that all present efforts are only scratching the surface of the 
one great (juestion of or(chard fruitfulness. 

But 1 have wandered away from my subject as I had meant to 
dis(cuss it. What 1 started out to say was that we need more facts 
pertaining to horticultural questions. Not only should more prob¬ 
lems be investigated in an experimental way, but whenever a piece 
of work is (carried out, no matter how’ small it may be, should we not 
bend every (uiergy toward establishing (each and every step so se- 
('urely that all will endure the vrear and tccar of the multitude of 
other workers who may desire to climb toward other things over the 
s(HUire stones that we have laid? Let us not (kspise experiments 
with (commonplace things just because others have beem content to 
pass them by on the strength of current statements (unsupported 
l)y experimental proof of any kind) which say that it is best—^yea 
<n'en vitally necessary—to do thus and so, if certain results are to 
be attained. 

I wish I had time to submit a full list of the common things 
teachers of horti(*ulture have to discuss without being able to offer 
evideiK'c that would pass muster in a justice (court. However, T 
shall have to b(' (content with a few random shots that oc(*ur to me 
on the spur of the moment: In graftage what is meant by an un¬ 
congenial sto(ck, or, lack of affiinity between scion and stock? What 
happens wlien a bud with its adhering piece of bark is inserted be¬ 
neath the bark of a stock? Does ea(di part possess a complete cam¬ 
bium layer or each only half a layer? In healing wouniis how are 
two outer bark surfaces, iipon meeting, enabled to grow together? 
What relation does eallusing bear to root formation in cuttings? 
Where can we find some Rdiable quantitative comparisons of tops 
and root systems of frnit trees? How’ does branch pruning affect 
the root system of trees? Is there a corresponding root for each 
vigorous iHwv water sprout? What do we really know about the 
secret of fruitfulness in trees, particularly the fruiting habit? 
Why do so many apple trec^s hear on alternate years? Why cannot 
Ben Davis and Baldwin, foT example, he made to bear annually? 
Why is it an apple tre^e may heai- fruit buds enough for a ‘‘fulP’ 
bloom and only ten per cent really open in spring? What is the true 
effect of sunlight on fruit bud formation ? What are the (causes of 
growdh periodicity in trees and the relation of same, if any, to fruit 
bud formation? What is hardiness’^ in trees and buds? Wliat is 
the nature and (caus(‘ of (coloring in apples? What do we know about 
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the value of selecting buds in deciduous trees? Is ‘‘pedigree’^ in 
trees a humbug? Why do certain individual trees appear to have a 
superior record for fruitfulness ? What is meant by vigor in trees ? 
What is the true cause of ‘‘June drop’’ in fruit trees? And so on 
and so on; all of which makes us painfully aware of the fact that 
there is a world of things appertaining to common practices wdiich 
we know little about. But this lack of knowledge should not dis¬ 
courage us as was the (*ase of the fond parent in the story who put 
his son through a seven yeai’s’ medical course and then was 
thoroughly disgusted because the young man (*ould not tell him how 
to cure a wart. 

On the other Inuid we should be stimulated to greatm* effort in 
seeking out fa(ds for ourselves and vv<^ should not ignore too many 
of the little things just because they may seem commonplace. If a 
young man wants a problem he need not look fai* to find one. Hut 
let us g(^t away from stereotyi>ed statementFt and try 1o acquire a 
new stock of first-hand information. 

Someliow or other our horticultural literature has gradually be¬ 
come permeated with dogmatic statements and unsupported opin¬ 
ions vrhicli our students are i)ermitted to absorb as gospel truths. 
Who is to blame for this 1 cannot say and T fear it would not be 
profitable to try to place the blame. Conditions are i)robably re¬ 
sponsible for the most part in bringing about this state of affairs. 
Horticulture is one of the oldest of the agricmltural groups recog¬ 
nized by the colleges and stations. Without any experimental facts 
at their disposal and with little or no facilities for securing (^xperi- 
mental information, men were <*alled upon to give instrmdion in 
fruit growing and gardening and they met the situation as best they 
could by drawing u])on their own practical ex]>erience or the experi¬ 
ence of horticultural friends and did their best to explain why cer¬ 
tain things had to be done so and so, even though it sometimes be¬ 
came necessary to draw heavily upon their imagination. And in the 
language of the day they “got away with it” and some of us have 
continued, more or less, to keep up the practice. 

Reform, however, is coming about and coming from a s()ur(*.e 
least expected, viz., from the students that we have to teach. With 
the rapid raising of standards for entrance in the agricultural col¬ 
leges, came a (tlass of students with good fundamental training who 
refused to accept the time-honored statements so general in horti¬ 
culture without at least plausible explanations. I feel certain that 
this has been the chief force that has broken the old traditions and 
is bringing about a brand new horticulture. I am sure a brighter 
day is dawning and that we shall soon be free from all the hamper¬ 
ing fetters of tluj x)ast. 

One reason for my cheerfulness regarding the horticultural situ¬ 
ation is the result of an inquiry which I recently addressed to all 
the experiment stations in the United States. Since there is some¬ 
what of a scarcity of reliable horticultural literature along many 
lines, I greatly feared that administrative officials might be placing 
better facilities at the disposal of their departments of chemistry, 
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botany, etc., but 1 find that apparently suclij is not the case. My 
findings show that approximately half of the stations of the United 
States have one or more officials in horticulture designated as re¬ 
search men, but that eighteen per cent of these persons do some 
teaching. However, 1 did not learn the nature of this teaching: 
If it is a limited amount of graduate or upper class instruction the 
men will be all the better investigators, but with too much lower 
class work their research titles may become a farce. Station di¬ 
rectors often reported men as doing no teac^hing while the men 
themselves said that under stress of circumstances they were com¬ 
pelled to do considerable teaching. Deans and directors are some¬ 
times great “ boostei*s. ^ ’ From incomplete replies representing 
thirty or thirty-five institutions, it appears tliat horticulture is fully 
as well represented by researcli men as other departments of the 
stations. 

An effort was made to find out if the output of horticultural 
bulletins is as great as from other departments, but this part of the 
inquiry was a failure. Of the nearly 400 “official’’ horticultural 
]>roje(*ts now under way in the various vStations, about eleven per 
(*ent are Adams' Fund investigations and over thirty per cent of the 
others are r(‘garded as being of research grade. 

In conclusion 1 may add that it appears that the whole range of 
horticulture from floriculture to pomology now seems to be as well 
manned as other departments, and if the next few years do not see 
a greatly increased out]>ut of reliable literature, then we are not 
Jiving up to our op{)ortunities. 

ORGANIZATION AND METHODS FOR POMOLOGY 
EXTENSION WORK. 

By K. W. IIees^ Agrlruliurnl Collcgr, Amherst^ Massachufietts. 

Experience has taught the necessity of efficient organization and 
definite methods of pro<*edure in agricultural teaching and experi¬ 
mental work. 'Phrough gradual development there has been a trend 
toward uniformity in type of organization and methods of work 
in the various institutions, but even at the present time the systems 
are far from uniform. 

There is still some variance of opinion in regard to the relation¬ 
ships of men in experimental work in pomology and those on the 
teaching staff of the department in the colleges. In the college work 
itself we find variations of opinion in regard to teaching subjects 
related to pomology as botany, entomology and plant pathology. 
The question arises as to just wiiere the division line shall come in 
teaching these branches, and we find almost no two institutions 
which agree as to the exact division. 

Extension work is a comparatively new department in all our 
agricultural colleges and we naturally expect to find it developing 
along different lines in different parts of the country. At present 
there seems to be a strong movement tow^ard more uniform systems 
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of organization, but methods of coiidueting the work must always 
vary to meet local conditions in the different states. 

It is not my field in this paper to take up the general organiza¬ 
tion of the extension department and its relation to the experiment 
station and teaching departments of the college, except in such 
phases as bear directly on pomology work. I have not made a com¬ 
pilation of the systems used in the institutions of the country, but 
am merely going to outline the development of pomology extension 
work and methods that have proven successful at the Massachusetts 
Agricultural College, with the hope that they may bring out dis¬ 
cussion which will be helpful and apply to our individual needs. 

In September, 1909, Professor William 1). Hurd was called to 
the Massachusetts Agricultural ('Ollege to organizt* the extension 
department. The principle of organization installed was similar to 
that existing in several institutions between the experiment station 
and the departments of the college. The extension man is jointly 
connected with the extension department and with his particular 
department in the college. Tie is responsible to the director of the 
extension siu'vice as executive head and general administrator, and 
is responsible to the departmental head for technical phases of the 
w^ork, such as facts taught an<l methods of bringing these* facts be¬ 
fore the people of the state*. 

Where there is joint responsibility and co-operative administra¬ 
tion, it is necessary on the part of all to have a very clear under¬ 
standing as to relationships. This we have been able to bring about. 
At frequent conferences between the director of th<^ extension serv¬ 
ice, the extension poniologist, and the head of the pomology depart¬ 
ment in the college, all projects, policies and needs of the work ai'c 
freely discussed and a mutual agreement reached. We also find it 
very helpful to have frequent conferences of all the meji on the 
pomology staff so that those doing extension work may keep in 
touch with the college and station, and so tin* men at the institu¬ 
tion may be ac(|uainted with the work being conducted throughout 
the state. 

For a time after its organization the extension work in pomology 
was handled in conneetion with his regular duties by Professor 
F. C, Sears, head of the department of pomology. In September. 
1910, a man was secured to devote one-half time to teaching w^ork 
and one-half to extension work. This system had s<weral features 
to commend it. The method keeps the instru(*,tor in touch with out¬ 
side conditions and gives him a chance to meet many fruit growers 
and know their problems. It forces the extension man to brush up 
on many details of work he neglects if devoting full time to outside 
work. Even with these theoretic features in its favor the system 
was only partially successful. It is a very difficult matter for a man 
to do his best in teaching work when away from the college three 
days a week, and it is difficult to conduct organized extension work 
when unable to be on the road more than three days at a time. 

In May, 1912, the presemt incumlient was employed to devote his 
entire time to extension work in pomology. Since that time no men 
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have been added to the staff to do regular work, but sometimes dur¬ 
ing rush seasons temporary help has been secured. All men on the 
pomology staff have co-operated loyally in extension work. During 
the past two years their assistance with lectures and demonstra¬ 
tions has amounted to more than half time for one man. 

In organizing our work we have found the definite project plan 
to be the most efficient system. We are now conducting six pro¬ 
jects. The first is the establishment and care of demonstration or¬ 
chards. This phase of the work was presented to the Society at its 
annual meeting in Cleveland in 1912 and will not now be taken 
up in detail. The demonstration orchards are proving of cumula¬ 
tive importance as the trees become older and the orchards more 
widely known. At the public pruning and spraying demonstra¬ 
tions, attendan(‘e increases annually and there has been a notable 
improvement in orchard methods in districts surrounding many of 
these centers. The orchards are each year visited ])y increasing 
numbers who inquire of tht* owner regarding general orcliard prob¬ 
lems such as culture, fertilizers and spraying. He is be.coming 
known as a local authority on ondiard subjects. In other words he 
is a local extension instructor in pomology. It has been our experi¬ 
ence that the demonstration orchard when located with the right 
man and properly handled is one of the best pie<*es of ])omological 
e.xtonsion work. 

The pruning and si:)raying campaign is another ]>roje(*t which 
has shown direcd commercial results. 1'his type of wr*rk is organ¬ 
ized in neighborhoods where apple growing is a leading line of 
agriculture. As a basis for starting the work we (' 0 -operat(' ^^ith ten 
or twelve mt*n who hav<* (*ommer(dal orchards and who are inter¬ 
ested in orchard improvement. A mefnoranduin of agreement is 
drawn up between the orchard owners and the (‘xtension instructor 
in pomology w’hereby the extension departimmt agrct^s to furnish 
a man to superintend th(‘ pruning for one-half day in (^a(‘h orchard. 
The owuiers agree to complete the pruning as started and to carry 
out recommended methods of spraying. Ft is our custom in hand¬ 
ling this work to have five or six of tin* orchard owmers meet at 
orchard number 1 and s])end the fonuioon pruning under super¬ 
vision. In the afternoon they go to ortihard number 2 and so on 
until one-half day has been spent in each or(*hard. Fn this way 
each man gets 2^^ to d days’ experience and is better (pialified to 
finish pruning his ow n orchard. 

In spraying w'ork w^e do not spend so much time at eacli or¬ 
chard, but give three complete demonstrations in tlu‘ iu‘ighl)orliood. 
one for dormant sprays, one for hud sprays, and one for calyx 
sprays. 

The memorandum provides for this supervision covering a per¬ 
iod of three years, but in the second and third years a smaller 
amount of time is spent on the pruning work. The project was 
started in .1913 and since that time several neighborhoods have been 
added. As a direct result of this work in three neighborhoods the 
growlers have voluntarily combined to sell their fruit. Owing to 
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improved quality of the fruit and uniform packs, they have secured 
25 to 75 cents per barrel above tlie rnlinfr market prices. 

An apple grading and packing campaign is outlined as a new 
project, but has not been put into full operation. Under this pro¬ 
ject work will be (ionducted in several towns in the fall of 1916. 
The principle of organization is similar to that in the spraying and 
pruning work. The work will be started under very favorable cir- 
cumstaiK'Cs as a new state law for uniform grading and packages 
becomes effective July 1, 1916. 

In all our campaign work we feel that a well explained demon¬ 
stration is of greater value than the lecture, and past experience 
leads us to beli(*ve that demonstrations supplemented l)y supervision 
over actual work is a step in advance ot* the demonstrations alone. 

Extension or movable schools form another line of w^ork. These 
are of two types, the strictly pomological schools and those? cover¬ 
ing more general work. The pomologi(?al schools are held only in 
centers where tlu?re is a balance of inter(‘st in fruit growdng. These 
schools are conduct(‘d for five days, each day being divided into 
four periods of one and one-half hours (*ach. The l(»ctures (?over all 
phas(?s of fruit work from selection of sites and soils, to marketing 
the crop, it is our custom to make leisures 45 to 50 minutes in 
length and devote the balance of time to general discussion. We 
always use all possible kinds of illustrative material, as varieties of 
apples, types of nursery stock, sprayers, pruning tools, harvesting 
and packing ecpiipment. Outside demonstrations are given in prun¬ 
ing and spraying and inside demonstrations in grafting, grading 
and packing. Actual laboratory work is condmded in grafting, 
budding, packing, and such lines as lend themselves to this form 
of instruetion. 

The general extension schools are 6v(*-day s(?hools, but the day is 
divided into six periods of one hour (*aeh. Fruit work is given two 
liours a day. The pomologi(*al subjects are taught along the same 
lines as mentioned abovi*, but of necessit\' in more conde?nsed form. 

For three yearns the extension d(?partment has been carrying on 
work at the agricultui’al fairs. The college owns a tent 40 x 72 feet 
in which exhibits from all d(?partments of tin* college are shown. 
In the pomological exhibit we have paid special attention to spray¬ 
ing, pruning and packing apparatus and a(?cessories, exhibits of 
packed fruit and vtniviy collections. We have' a man in eJiarge of 
the pomological exliibits to give lectures, demonstrations, to explain 
the (exhibit and to discuss orchard problems. The lecture and 
demonstration work has been only partially successful, as generally 
the people do not go to fairs to attend lectures. The p(?rsonal con¬ 
ferences with interested people have proven worth while and justi¬ 
fy the time and effort expended. 

Our sixth pr*oject covers single lectures and demonstrations. 
There is a great demand for this line of work, but it is our present 
])olicy to dis(*ourage rather than encourage its development. We 
feel that great(U‘ good and more lasting results are brought about 
from definitely organized pieces of wmrk wliicb cover a greater 
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length of time and where the instructor personally meets those with 
whom he is working. We are particularly trying to keep away from 
organizations which want speakers to merely fill up the program or 
for entertainment. We are trying so far as possible to have all 
lectures and demonstrations on timely and limited subjects which 
may be fairly well covcu'ckI. avoiding such general subjects as 
‘'Apple Growing,” or "The (hilture of Small Fruits.” 

During the past three years we have been able to put part of 
our lecture work on a (*oursr* basis so that a series of five or six 
lectures may be given to the same audience, one lecture being given 
each week or one in two W(‘eks. This (uiables the speaker to develop 
his subject arnl handh* d(‘tai]e(l material which is impossible in the 
single lectun*. 

1 have outlined onr type of organization, the projects now in 
force and methods foj* (‘onducting tln^ work. Fp to thci present time 
most of the work has been ('arried on by th(‘ t*xtension pojnologist 
and men of the (college j)omologieal staff. With the ra])id develop¬ 
ment of th(‘ eounty farm bureaus, our })o]ieies must of n(‘cessity 
change to nn^et ne^^ conditions In ^lay, Massa(dinsetts or¬ 

ganized its first e(»iinty farm bnn‘an x\ Inch from the first had one 
man on its staff wlio d(‘voted Ids entire time to work in [)omology. 
With the ])assage of the Smitli-Jjever bill tiu* farm biirt^au or ('ounly 
agent work lias deveiopetl rapi<lly through tiie (‘iitire eouiilry. 
Since Deeember, 1914. eight eonnties in Massachusetts liave organ¬ 
ized and have agents in the held. Two more ar<* now organized and 
will liave men at work earl\ in the yt‘ar. With e]t‘\en out of four¬ 
teen eonnties organized, Massaehusetts will have* b(*tne(‘n So and iK) 
per (amt of its total area (‘overed by thes(* agrimiltui'al agents. 

In addition to the (‘Onnty work then' are four seimndary s^diools 
in agrienlture and t>\e]v(‘ high sehools hav( agri(Mdtiiral depart¬ 
ments, As organized, th(‘ farm bureaus are tdosely (‘onne(‘ted witli 
the extension departm(*iit of the <»ol]eg(‘ and tin* agrienltural in¬ 
structors in all s<diools are re(juired to haiidli* a given amount of 
local (‘xtension work. With this large (‘orps of imm for (‘onducting 
extension work throughout tin* state, tin* (‘\<'eiitiv(‘ dnti(‘S will be 
greatly inereas(*d for men on the eollegt* (*xtensioii staff. 

The work of tin* ext(‘nsion ])onjologist will lx* mon* largely to 
help the local men work up their fruit projeets and assist in putting 
these into operation. He should he in close tondi with tliem on all 
phases of orehard demonstration and snjx'rvision work so there 
will be a uniformity in methods used and matter taught throughout 
the state. Tin* (‘ollege man will work more larg(‘ly through the 
county agents and lo<*a] inst)*u<*tors and do h^ss work dinx*tly with 
people of the state. 

With the exeejition of the extension schools tin* eounty proje(*ts 
will not vary gx*eatly from those outlined in this papi‘r, but will lx* 
handled locally rather than directly from the (‘olleg<‘. 

At a recent conference of all the county agents and agricultural 
instructors in the state, it was decided to select one problem which 
should be pushed in a state-wide campaign for 1916. Fortunately 
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for pomology the ehoieo was to inaugurate a special campaign for 
the control of the codling moth. As yet details have not been 
worked out, but we expect to organize and carry the campaign to 
every apple producing town of the state, to do much broader and 
more thorough work than would be possible if the college were alone 
on the proposition. 

In summing up the organization and methods for pornological 
extension work, we }>elieve the principle of (‘lose relationship and 
mutual understanding between the extension service, the experi¬ 
ment station, and the (*ollege is necessary for successful develop¬ 
ment. All exttuision work should be outlined in form of definite 
projects so efforts may be concentrated on the* most essential prob¬ 
lems. With the rapid development of the agricultural county farm 
bureaus the extension work in each county should be (‘onducted in 
co-operation with the agricultural agents. In counties which have 
a pomologist. the work should be largely (Carried on by liirn under 
general suptu'vision of the extension pomologist at the (jollege. 

THE ROOT SYSTEMS OF NURSERY APPLE TREES. 

By J. K. Shaw, Agricultural (UfUvge, Massach asciis. 

An apple tn^e may be divided into two parts: First, the root 
system; and second, the trunk, branches, ami attached parts. The 
fact that in most apple trees these two parts are different varieties, 
one an unnamed scvdling forming the root system, and tin? otiun* a 
full fledged nam(‘d variety forming tin* at'rial ])arts of the tree, 
needs but to be immtionccl before this body. The only exceptions 
are where a graft has ac(‘identally thrown out roots from the scion 
or wlier(\ for a special purpose, tret*s have b(*en grown on roots of 
know7) varieties. In the first case the root system is part sei^lling 
and part a named variety like the top; in tlu* second case the root 
system may l)e one variety and the top anoth(‘r, or tin* (uitin* tree, 
roots and all, may be a single variety. Hooting from the scion of 
hardy varieties is sought in our prairie northW(\st in order to avoid 
winter killing of the seedling root, sliould it (*hanc(‘ to be tender. 
In Australia the growing of their desirable varieties on Northern 
Spy or Winter Majctin in order to avoid injury by the woolly aphis, 
lias b(H‘ome an established practice. This is also being carried on 
in ('alifornia at the present time and is tlie subject of experiment in 
other parts of the country where the woolly ajihis is a serioiis pest. 

The ditferoiu'i^s betwemi named varieties in both morphological 
and physiological characters is great and our named varieties are 
a selected few from the multitude of seedling candidates for favor. 
Manifestly, the possibilities of variation within the species compris¬ 
ing our cultivated apples is very great. 

The interrelations of these many seedlings forming the root 
systems and tha lesser number of named varieties forming the 
aerial parts of apple trees have lieen the objects of much specula¬ 
tion and considerable recorded incidental observation, or desultory 
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experiment. Of the careful, systematic and extended inquiry neces¬ 
sary to solve these coinplicated problems, there has been very little, 
consequently our knowledge is fragmentary, incomplete and prob¬ 
ably in many ways misleading. Most of the experiments along this 
line have been with trees each made up of two named varieties, one 
forming the trunk and possibly a part of the main branches, and 
the other the remaining aerial parts of the tree, the whole being on 
roots of an unknown seedling. Whether different or more uniform 
results would follow if trees having the root system of the same 
variety as the trunk were used, is unknowji. 

These considerations led to the inauguration in 1912 at the 
Massachusetts Experiment Station of what it is hoped will develop 
into a fairly extensive investigation of this general question of the 
interrelation of the root and scion in apples. This investigation will 
necessarily continue many years before conclusions of value may be 
safely reached. The most striking thing thus far observed is the 
great difference in the readiness of different varieties to throw out 
roots from the scion when propagated by means of long-scion short- 
root grafts. Soin(‘ varieties will send out roots from the scion in 
practically every cas(‘, while with others a sue(iess of two or three 
per cent is iriost gratifying. This matter is now being made the sub¬ 
ject of a special iTivestigation. 

Tiiere is much in pomologi(*al literature dealing with the influ- 
(*nce of the root or stock upon the bearing i)artR of the tree. Most 
of this matter deals with vhat is apparently a manifestation of the 
direct or indirect eftV(d of sharks of great or little vigor of growth 
upon the tree. A typical examj)le known to all of the influence of 
a weak growing sto('k, is s(‘en where Paradise or other dwarfing 
stocks are used beneath standard varieties. The opposite influence, 
that of the top upon the root system, has received little notice, al¬ 
though it is well known that the top exercises great influence over 
the roots. The main x>urj)ose of this ])a}>er is to discuss this phase 
of the interrelation of root and scion, and to re(*ord the observations 
made during the xiast three years of study of the question. 

The domination of the to]) is vso pronounced that the nursery 
man finds the root syst<*m of great value in recognizing varieties. 
It is so great that it inoidds the diverse seedlings into a type of root 
system common to the varitdy propagated. Neveidheless, it must be 
said that within a given variety the form of the root system is less 
uniform and less characteristic than the form of the top. This is 
Xirobably due largely to environmental influences, to soil conditions 
and the influence of the various trophisms to which; the roots are 
subject. The lack of a manifestation of a definite arrangement of 
the roots as seen in the phyllotaxic arrangement of the buds and 
branches may also have an influence. 

The roots of a nursery apple tree may be classified into the tap 
root which is commonly of little importance owing to the mutilation 
resulting from the processes of propagation, the primary branches 
or main roots, and the fibrous roots. Sometimes the distinction be¬ 
tween main roots and fibrous roots is bridged over by intermediate 
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sizes, but in a general way this elassifieatioii holds v(*ry well. Tiie 
main roots differ in number, size, length, place of origin, and in the 
angle which they form with the main axis of the tree. The fibrous 
roots may be descri])ed in similar terms omitting the angle with the 
main axis. 

It is well known that Imdded trees and root grafted trees are 
unlike. This, as pointed out by Bailey in the Nursery Book, lies 
primarily in the type and treatm(‘nt of the stock used, rather than 
in the different method of ])roi)agation. In either <*ase the tree 
grows in exa<dly the same way frotn a single bud. Budded trees are 
heavier than root-grafted trees of the saim* age. principally for two 
reasons. A largei* root is ]danted in tin* first ])la(^e and it is in tht‘ 
ground a year ])n‘vious to the growtli of the top, thus it lias a bet¬ 
ter chance to be(*ome estalilislied and prepan'd U) giv(‘ stronger su]) 
port to the growing bud. 

It is asserted that budded trees an^ deepen* rooted than root- 
grafted tre(*s, Imt it is vt*ry doubtful if this is of any real signifi¬ 
cance. It rests on the use of a longer root for buddeid trees, but this 
e'annot caus<‘ any great difference, for it is not more* than three or 
four inches at most and in root graft<*d 1re<‘s there is always a strong 
tendency for the main roots to start from tlu* ti{) of th(‘ plant<*d 
root whih' in budded tnH*s man\ of them (*ome from points higlu*r 
up on the planted root. Tiie appearam'i^ of strong roots from the 
tip when a (considerable ]>ortion of tln^ root has beem (*ut off ma\' 
always be S(*(‘ii and is an (‘ff("(*t similai* to that scnni wlnm l(*ad(‘rs of 
the top are headed in. 

A constant difference hetuetui biukh'd and r(^ot-graft(‘d trees is 
the preseiK’e in budded treses of the cro\Mi or region of (diaiige from 
root tissue to stem tissm*. Ther*^ is oft<m a tt'ndcnc'y for fibrous roots 
to api>ear at this point. Also there arc g(*m‘raUy more fihrons roots 
in budded trees wliile the main roots are smaller and more slendm* 
though possibly in numlHU*. The most striking differem*(' 

in the root system lies in the t(*ijdeii<iy in nxit grafted Irei^s for a 
few strong roots to brt‘ak out from tin* (‘Ut (uid of the root. Prob¬ 
ably thosi^ (cases where the.se are not stsm are wlu^n* th(‘ root us(u] 
was the tip (cut. Often th(\y all s}>ring from a (*xmimon point, giv¬ 
ing a one-sided root system. Main branches sjiringing from th(^ 
side of ttu‘ planted rootlet are by no m(*ans unciommon, hut are not 
the ruhi as in ])added trees. Nevertheless it is yiossihle in most lots 
of nursery grown budded trees to pick out individuals which have 
a root system like that of root-grafted tn^es, and the n^vtu'se is trm* 
with rrian.y of root-grafted trees. 

The root syst(mis grown from scions of different varieties seem 
to rea(*t differently towards crowm gall and hairy root disease. Cer¬ 
tain varieties have not in our experiene.e sliown the hairy root form, 
but always the hard round galls, dciwett is an (Example of this class. 
Other sorts, Northern Spy and Oldenburg for example, never show 
the hard galls, hut always short fleshy roots growing in bunches 
from the main axis. The Red Astrachan seems to develop a more 
typical hairy root form. The observations on which these tentative 
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conclusions rest are rather limited and it is hoped to add to them 
as more own rooted trees come under observation. Some varieties 
seem to be more or less resistant to the disease and doubtless by 
propagating on roots of varieties of proven resistance, one might 
secure trees free from this disease. It may be a question whether 
crown gall is of sufficient account to warrant the extra cost in propa¬ 
gation on known roots. 

There are considerable individual differences in the root systems 
of trees of a given variety whether budded or root grafted. 
Whether this is wholly environmental or due in part to the individu¬ 
ality of the seedling root is an interesting question. Not enough 
known rooted trees have come under (>l)servation to determine 
whether they are less variable than trees growui on miscellaneous 
seedling roots. This question is in mind for future observation. 
The few observed seem to vary considerably and apparently are 
different from trees of the same variety pro])agated in the usual 
way. This may be due to the peculiar method of propagation used 
to secure known rooted trees. 

Varieties vary greatly in their vigor of growth in the nursery 
row. Some varieties maintain a similar vigor or lack of it in the 
orchard and some seem to ehatige when they arrives at bearing age. 
Delicious, Esopus and Yellow Transparent make notably light trees 
in the nursery row, whih‘ Rhode Island Greening and Tompkins 
King make large, strong trees, nearly twi(».e the size of the first 
named varieties when grown under similar conditions. The ques¬ 
tion of any correlation of vigor with a certain type of root system 
has been considered and the only relationship dis(*overed is that of 
size. A strong, vigorous variety will have a large strong root sys¬ 
tem, but neither the number of main roots, the (piality of fibrous 
roots, the relative abundance of the two, nor the angle of the main 
roots or tendency to go down or spread out, seem to bear any rela¬ 
tion to the vigor of the variety. 

The most striking relation between scion and root which we have 
observed is the relation in form between the top and the root sys¬ 
tem. The size or stoutness of the main branches is positively cor¬ 
related with tlu* size of the main roots and the branch angle with 
the angle of the main roots and the axis of the tree. In many in¬ 
dividual cases this (*orrelation is obsenm*, but careful observations 
with large numbers of trees will reveal it. The Rhode Island Green¬ 
ing which produces a broad flat top has a spreading root system. 
The Oldenburg produces in the nursery two or three stout ascending 
branches and tlu* root system produces a similar number of stout 
main branches which go deeply into the ground making it a tree 
exceedingly hard to pull from the nursery row. In contrast to this 
the Yellow Transparent makes a top of many short slender branches 
and a similar root system, which does not penetrate deeply, making 
this one of the easiest varieties to pull from the nursery row. 
Many other examples of this relationship in form between the top 
and Voot system might be cited. It may be seen more clearly in 
budded than in root grafted trees, probably because the root is 
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commonly less mutilated in the process of propagation. I am told 
by nurserymen that there is a relationship between the habit of the 
top and the form of root system among ornamental shrubs in gen¬ 
eral. Those having sprawling irregular tops have a somewhat 
similarly disposed root system and those with symmetrical, compact 
tops are more or less like this below ground. T have had no oppor¬ 
tunity to personally verify this statement. 

In conclusion we may say that the (iontrol of the bud or graft 
over the seedling root system is pronounced. Not only does it 
govern the size and extent, but also the form and disposition of the 
root system. This may not be absolute, the seedling root retaining 
its individuality to some degree, but further observation is needed 
before a definite opinion on this may be advanced. The reciprocal 
influence of the root on tin* scion is also (‘onsiderabh^, at least in the 
determination of vigor of growth and the characters which depend 
thereon. The full extent and nature of those influences are interest¬ 
ing subjects for future determination. 
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(Jolumbus meeting. 4.50 

$257.77 

Cr. 

By balance on hand. $137.75 

tSir W. Moore, Royal Botanic Garden, Olasnevin, Ire¬ 
land, report 1912. 1.00 

' ‘ Virginia Polytechnic Institute, report 1913. 1.00 

Oregon Agricultural College, rejKirts 1910, 1911. 2.00 

Ohio Agricultural Experiment station, rejKirt 1913_ 1.00 

(b'orgia Kxjteriment Station, first 9 reports. 9.00 

‘‘ Purdue Fniversity, rejmrts 1905 to 1913, inclusive. 8.00 

‘ ‘ State Board of Agriculture, Harrisburg, Pa., report 1913 1.00 

“ ITiiiyersity of Missouri, rei>ort8 1912, 1913. 2.00 

“ liOuisiana State University & Agricultural & Mechanical 

College, first 9 rejKirts. 9.00 

“ Georgia Experiment Station, rejKirt. 1914. 1.00 

“ BukidnovN Co., 30 Church St., N. re]»ort 1914. 1.00 

‘‘ I’nnersity of Miniiesiila, re| orts 1910 to 1913, inclusive 4.00 

‘‘ Ontario Agricultural (k)llege, report 1905 1.00 

‘* MacDonald Collegt*, report 1913 . 1.00 

Cornell Uui\orsity, rejKirts 1913, 1911. 2.00 

Ohio Agricultural Ex[>erjiuent Station, reiKirt 1914.... 1.00 

‘‘ University of (‘alifornia, report 1014 .. 1.00 

‘* State (kdlego of Washington, report 1914. 1.00 

“ Ohio State tJuNersity, report 1914. 1.00 

University of X^^rniont, repori 1914 . 1.00 

“ University of Nebraska., report ItUl . 1.00 

•* Utah Agricultural Ckillege, report 19)4. 1.00 

“ .Massachusetts Agriculturnl (kdlege, report 1911. 1.00 

“ University of Wisconsin, te]>ort 1914. l.OO 

“ University of Idaho, report 1913. 1.00 

“ State Department of Agrumlture, Ifarrishiirg, I'a., re¬ 
port 19U. 1.00 

•* University of Maine, report 1914 1.00 

“ l.><iuisiaiia State Uiiuersity and Agricultural & Mechan¬ 
ical tN)!l(‘g<‘, leport 19 i 4. 1.00 

“ Southern Oregon fL\i>eriinont Station, rej>ort 1914. 1.00 

“ Kentuckv Agricultural Experiment Station, lA.*xington, 

Ky., lepoit 1911 . 1.00 

“ University of Nebraska, first 9 rejiorts. 9.00 

“ Hawaii Experiment Station, rejiorts 1911 to 1914, inc.. 4.00 

Kentucky Agricultural Experiment Station, report 1913 1.00 

P. A. I^lienbauer, Reno, Nev., rejmrt 1914. 1.00 

Connecticut Agricultural Exjieriment Station, first 10 

reports. 10.00 

Stationery Ollice, Dominion OoA’^ernment, Ottawa, Can., 

first 30 reports. 10,00 

North Carolina Agricultural Experiment Station, report 

1914 . t.OO 

‘ ‘ Agricultural & Mechanical College of Texas, report 1914 1.00 

Syracuse University Ubrary, first 10 reimrts. 10.00 

Xfiiiversity of California Library, report 1914. 1.00 

University of Minnesota, retwrt 3914. 1.00 

Delaware College Experiment Station, reports 1912, 

1913, 1914 . 3.00 

CH>lorado State Agricultural College, report 1914. 1,00 

'' E. F. Stoddard, College Park, Md., first 9 rei>orts. 9,00 

“ University of Missouri, report 1914. 1.00 

** Pennsylvania State College, report 1914. 1,00 
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Nov. 23 “ Dulan & Co., Ltd., 37 Soho Sq., London, England, first 


10 reports. 10.00 

Nov. 24 Washington News Ck)., Washington, J). C., 2 reports, 

1914 . 2.00 

‘ * Annual dues paid during the year. 196,00 


$468.75 

Balance on hand. $210,98 


Respectfully submitted, 

C. P. (‘LOSE, Treasurer. 

The Auditing Committee rei»orted that it had (*\amined the accounts of 
the Treasurer and found them to l)e correct. 

W. IE ALDERMAN, 

C. E. DURST, 

C. A. McCUE, 

Conunittee. 

REPORT or COMMITTEE ON GRADUATE WORK IN 
HORTICULTURE. 

By M. J. J)OKSi:y, Chairman^ University Farm, aS7. Faul, Minn, 

The task assigned the eouiuiittee, as understood by its jnembers, 
was to investigate the ])resent status of graduate work as now given 
in horticulture. This is I)y no means an i*asy task. The work begins 
where that of the various committees on under-gradiuite instruction 
leaves off. Tliere is a noti(*eable tendency in most of the institiu 
tions not to offer graduate work, or at least they do not st‘e their 
way clear to make ade(|iiate preparatioji for it until the under¬ 
graduate instruction has Ixjen taken cart* of, Tliis is a commend¬ 
able tendeiK'y. The two fields of instru(*tion, of course, overlaj), 
since in horticulture we have the same staff covering the two fields. 
Even a casual survey of the horticultural departments the country 
over, shows that there is nnudi variation in th(» conditions under 
which graduate work is given. We have had a halE century of ex¬ 
perience in giving instruction in. this field, and horticulture comes 
along with the “rising tide’^ of agricultural intenjst. It would 
seem important, then, at this period, that a further survey of our 
different fields of activity ho ?aade with the object in view of giving 
graduate instruction better direction and co-ordination. 

We have divided our survey into three main heads: (a) the 
teaching and research staff ; (b) the material equipment, such as 
laboratory, library, orchard, etc., and (c) the product, or the type 
of training given. 

The report is made up from information obtained from cata¬ 
logs, personal correspondence, questionaires, etc. We have de¬ 
pended upon the last primarily for getting the viewpoint of horti¬ 
cultural workers. 
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Teaching and Research Staff. 

It is difficult to present accurately an estimate of the teaching 
and research staff of an institution. Conditions under which men 
work determine, to a large extent, their standing as scientists and 
the value of their services. In general, however, we may approach a 
discussion of the staff from the standpoint of (a) training, (b) free¬ 
dom of time, and (c) specialization. 

r^art of the individual record is expressed in formal training and 
degret%s, aside from the practical experience. AVhile we should not 
make the mistake of placing undue emphasis upon the formal train¬ 
ing alone, yel experience in other fields shows that it should be given 
considerable weight, especially with the younger men. Whatever 
our attitud<» is in this regard, we judge ones seriousness of purpose 
in life largely by the preparation made. Formal degrees are, in a 
sense, a stationary estimate of a man. We shall place chief empha¬ 
sis upon ac(‘omplislnnents in teaching and research, published or 
unpublisloHl, subsequent to the granting of degrees. 

We have summarized the formal training of the liorticultural 
workers, as expressed by the degrees lield, for purposes of 
comparison. 

First, w(* shall compare the formal degrees of the horticultural 
workers of 1915 with those of 1905. The following table w'as com¬ 
piled from the organization list of the colleges and experimeJit sta¬ 
tions for those* years. 




1005 


1 

i 

1 1915 


Doctors. 

Masters. 

i 

i| 

V 

No Degrees. 

- 

Total. 

Doctors. 

Masters. 

Bachelors. 

No Degrees. 

Total. 

Chief or full Professors,. ; 

7i 

1 I 

i 1 

27 

f i 

lal 

1 

1 6 531 

1 

! 13 

34 ! 

21 

1 

69 

Associate Professors. j 

1... 

i 1 

! 

2: 

: 3 

3 

15 

11 

1 

1 30 

Assistants . 

1 ’ * 1 
. .1 

1 6 

1*13 

5' 

24, 


1 23 

39 

5 

67 

Instructors. 

1 


! 6 

! 7: 

1 : 
1 4, 

17 

. . 

1 

! ’2 

i 36 

4 

53 

Total. ! 

.i 

7 

40' 

33 

1 i 

1 17 

i_: 

! 07 

1 

!_ 

17 

84 

il07 

1 

11 

219 


A survey of the table shows (a) that there is a noticeable in¬ 
crease in the group of associates in the ten-year period, (b) that 
there is a relatively large decrease in the number of horticultural 
workers holding no degree, and (c) that in 1915 there is relatively 
a larger number of workers with only the bachelors degree. 

Second, the following table is presented, comparing the formal 
degree of the horticultural staff in sixteen of our larger institutions 
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scheduling graduate work in horticulture, with those of the staH in 
the department of chemistry in the same institutions. The portion 
of the table referring to the chemical workers was compiled from 
the last obtainable catalog of the institutions represented, while that 
for horticulture was compiled from the 1915 Organization List of 
Agricultural Colleges and Experiment Stations. 


Chemistry. 11 Horticulture. 



Doctors. 1 

Masters. 

Bachelors. 

No Degrees. 

1 

Total. 

Doctors. 

Masters. 1 

Bachelors. 

No Degrees. 

Total. 

Chief or full Professors.. 

1 

34 

9 

2 


45 

6 

19 

2 


27 

Associate Professors. 

7 

5 

1 


13 

3 

11 

3 

1 

18 

Assistants . 

25 

10 

4 

... 

39 


11 

16 

2 

29 

Instructors . 

28 

12 

12 


52 


6 

11 

1 

18 

Total. 

94 

[ 

36 

19 

i 


149 

9 

47 

L_ 

32 

4 

t 

92 


We wish first to point out the larger number of workers in the 
chemistry group of the rank of instructor and assistant, holding 
advanced degrees, and second, the larger number of heads of de¬ 
partments with the doctorate degree in order to suggest the prob¬ 
able influence of this advanced training upon the standards of un¬ 
dergraduate as well as graduate instruction and departmental 
leadership. 

From the standpoint of graduate instruction and research it is 
important that the members of the staff, especially those with the 
better training and wider experience, have sufficient freedom of 
time. Intimate connection with the applied field renders this in¬ 
creasingly difficult, particularly with the heads of departments who 
in many instances must of necessity spend a large proportion of 
their time with executive work, undergraduates, correspondence, 
committees, etc. Research and graduate work cannot be placed on 
their proper footings until the men in charge are surrounded with 
conditions in which they can make continuous concentrated effort 
along their special lines. 

Undergraduate instruction is, of course, given chief attention. 
No attempt was made in this report to determine to what extent 
arrangements are made whereby instructors can have the larger 
part of their time free from teaching at certain periods of the year 
for research. Many instructors, of course, are engaged for teaching 
only, while others are supposed to be investigators. ^ The relative 
emphasis placed upon teaching and research is not standardized, 
and from every standpoint ne^s to be givfen careful attention. If 
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the ends sought can be attained by a close relation between gradu¬ 
ate teaching and research the stimulus in both directions should not 
be overlooked. The time devoted to undergraduate teaching and 
administration is large and the demands of these are immediate, 
and as a result the graduate work or research must take second 
place. The attitude of the individual or the department in making 
the adjustment will be determined largely by the demand or per¬ 
sonal desire and qualification. 

One of the most effective means of increasing efficiency in the 
staff as well as gaining a larger freedom of time, is specialization. 
The administration can no longer ask members of its staff to main¬ 
tain leadership in more than one field of teaching or investigation. 
This point is well recognized by some of the larger institutions, 
but, even yet, in one state, horticulture is being taught by the de¬ 
partment of biology, while in contrast to this, in another, pomology 
is further sub-divided. Those in charge of horticulture in institu¬ 
tions where they are called upon to serve in more than one field, 
must, owing to human limitations, be placed &i& disadvantage. 
Narrowing of the field covered by any worker need not present any 
serious difficulties from the administrative standpoint. 

The following diagram is presented to set forth graphically the 
distinction between calling upon a worker to serve his department 
in a special way or in a general way. 



Pomology 

Olericulture 

Landscape 

Gardening 

Floriculture 

College .1 


1 



Station . 





Graduate School 





Extension . 




1 


Crossing the diagram horizontally a worker must be a pomolo- 
gist, an olericulturist, a landscape gardener or a floriculturist. If 
carried to the extreme he may be asked to cover all of these four 
lines of work in the College, Station, Graduate School wd Exten¬ 
sion. This was the original professor of horticulture. Crossing 
the field vertically, in any one of the sections, there is a narrow¬ 
ing of the material with which it is necessary to be familiar, and 
further specialization and division of the work is easily 
accomplished. 
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The Material Equipment. 

The reports upon equipment show that most of our departments 
are well provided with a working library, and in some eases a refer¬ 
ence library, laboratory space, apparatus, variety plantings, experi¬ 
mental plots, greenhouses, etc. The equipment, however, has been 
brought together primarily for undergraduate instruction and the 
experiment stations. There seems to be adequate equipment in 
most cases available for graduate work, but, to quote one corre¬ 
spondent, '‘1 have a notion that the quality and quantity of ma¬ 
terial equipment boar no very close relation to the quality of 
work given.’' Since the research in horticulture is carried for¬ 
ward almost cx(i]usively from the standpoint of the experiment sta¬ 
tion, the committee wishes to suggest the desirability of the closest 
possible relationship between the graduate work and the experiment 
station researc^li. 

Among the signiticant recent movements toward giving instruct¬ 
ors a broader experience and viewpoint may be mentioned the pres¬ 
ent exchange arhnigement ])etweeu (’ornell and Wisconsin. A co¬ 
operative arrangement between th(^ lIorti(*ultiu*al Department of 
the West \Trginia Station and the De])artnient of Plant Physiology 
of the University of Chi^^ago, has been made, whereby Dr. Knight 
in plant physiology s{>eii(ls a part of his year in West Virginia 
directing and carrying forward some of the research in horticul¬ 
ture. Ther(» is ovideii(‘t* from some of the more recent publications 
in liorticulture of tlie valu(‘ of special training in some of the horti¬ 
cultural investigations. 

In connection witli a discussion of our material equipment, hoAV- 
ever, wo wish to emphasize the fact tliat investigations represent a 
Auewpoint and that equipment and support alone are only a means 
to the end and not the end. The details are only worked out cor¬ 
rectly by trial and experience and the\ will be fitted into a general 
scheme only when the viewpoint or general plan of attack is organ¬ 
ized and followed, it will rest witli the institution concerned to 
make the proper adjustment between the pressure from the practi¬ 
cal man and uiidergraduate teaching, and tlu^ time devoted to re¬ 
search and graduate instruction. 

Finally tlieii, from the standpoint of tlie staff in its relation to 
graduate work, the committee wishes to emphasize, first, better 
formal training, aside from the practical experience; second, greater 
freedom of time, and third, further specialization. This being,ac¬ 
complished, better results will be fortlicoming from the material 
equipment already at liand. 

The PRonrcT or Type of Truning Given. 

We now turn to a general discussion of the output in terms of 
graduati' students from our horticultural departments aa a whole. 

Prom the reports received, as well as by consulting catalogs, it 
was found that there are nine institutions offering work in horti¬ 
culture leading to the doctor’s degree, and approximately twenty 
scheduling work for the master’s degree. 
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The time re<iuire(l was almost uniformly one year’s residence 
or the equivalent for the master’s degree. With reference to the 
type of work required for the master’s degree there is some varia¬ 
tion, but in general most institutions required the presentation of 
a thesis based upon original research and designed to test the 
student’s ability and iiromiso as an investigator. Only a few re¬ 
quired research in the minor, by far the majority stipulating that 
the requirements should be met by taking graduate or advanced 
courses. A few left it optional. Some expressed the opinion that 
there is not sufficient time within the one year to accomi^lish much 
in the way of research, and that the student would be bettej* off 
in the end by securing a broad survej^ of his special field and a 
literature revi(*w and write up of some specdal line of research with¬ 
in it. It seems, however, that since such a large proportion of the 
workers at the present time go <)n].v as far as the master’s degree 
in their advanced training, that in some respects it would be desir¬ 
able to lay greater emphasis upon researcli for the master’s thesis. 

With the do<dor's degree lliere was little variation as to require¬ 
ments. Thost‘ de]>artments of horticulture offering work for the 
doctor’s degree cojiie under the control, in every case, of well or¬ 
ganized graduat(* schools and tin* standardization of the require¬ 
ments for advanced degrees is well taken care of hy other agencies. 
The uniform r(*(iuirt‘uients art* three year’s residence in advanced 
work, as a minimum. Research in one minor in some related field 
was generally required. There was a preference that the minor 
should be takeji in botany, chemistry or plant physiology. 

It is evident that tin* requirements for the master’s and doctor’s 
dcigrees art* quite generally well roeognized, at least the indications 
are su(*h frorti the catalog statements. As to just how far the stand¬ 
ards are beijig upheld <*anuot be dtdermined at this timt^ from our 
survey, lu etiier fitdds well organized departments ]>rovide for 
stmiinars, conft‘reu<*t*s and S(*h<*<luie atlvaneed eours(*s. This should 
b(‘ tlie aim in horticulture. 

Aceorrliiig to tlie reports sent in, there are n^gistt^red at the 
present time, 10 students for the doctor’s degree in horticulture 
and 77 for the master’s degrotK This does not include r(*ports from 
Pennsylvania, Virginia, Mas.sachnsetts or New Jersey. 

Graduate eourses iu pomology are scheduled iu IJ institutions, 
in o]eri(*ultai’e in 9, m landsca]>e gardening in 5, in floricultun* in 6, 
and in jilant breeding in 8, while 5 list their graduate work under 
thesis rt'search. According to the rt‘ports received, in the last five 
years there have been 84 theses submitted in liortieultiire—19 
states only are represented in this total. An analysis of the thesis 
subjects, practically all of which were for master’s degree, slnnvs 
that 51 could be classified under pomology, 10 under plant breeding, 
4 under olericulture, and 1 under landscape gardening. The list 
was submitted to a worker in another field who classified three of 
the subjects under entomology, three under plant physiology, three 
under bacteriology, two under soils and two under irrigation, witli 
the remainder unclassified. 
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The thesis subjects classified under pomology, plant breeding 
and olericulture, are included in this report for comparison and 
study as the result of a number of requests from the members of the 
Society. The name 6f the graduate student and of the institution is 
withheld. The questionaire asked only for thesis subjects submit- 
ted within the last five years. The subjects are more representative 
for pomology than olericulture, since more replies were received 
from pomology, even though a statement was requested for 
horticulture. 


POMOL(3GY. 

The factors which influence the occurrence of seeds in citrus 
fruits. 

A monograph on the almond. 

The apple in Georgia. 

A sterility study of apples. 

Pomologi<*>al classification of the peach. 

The problem of the correlation of texture and composition of 
apple wood with hardiness. 

A survey of the commercial apple growing in Michigan. 
Grafting. 

Economics of marketing. 

Some phases of the cold storage i)roblem. 

Succession of small fruits for the home garden. 

Study of sterility in the strawberry. 

The relation between structure and hardiness in the plum. 

An investigation of reproductive and vegetative activity in fruit 
trees. 

The killing of plant tissue by low temperatures. 

Trunk injuries and diseases of apple trees. 

A study in marketing the Ozark strawberrj’^ crop. 

Relative susceptibility of resistance of the various tissue sys¬ 
tems of peach flowers to injury from cold. 

Relation of season of transplanting to growth and development 
of fruit trees. 

The influence of anaesthetics upon root development of cuttings. 
A study of methods in marketing the Missouri apple crop. 

The pear industry in New York. 

Wholesale prices of apples and receipts of apples. 

Root growth of young apple trees after July first. 

Some newer varieties of apple adaptable to New York. 

Keeping quality of apple in cold storage as affected by handling 
in the orchard. 

Market season of fruits in New York City. 

Cost of growing an apple orchard. 

Methods of marketing fruit. 

A monographic study of Juglans Regia. 

The peach industry of New York State. 

The pecan in the United States. 

Raspberry, currant and strawberry. 
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Pollination studies with the strawberry. 

The pear as affected by moisture supply. 

A study of plum pollination. 

A comparative morphological study of apple varieties. (In¬ 
ternal structure.) 

The influence of the angle of shoots upon the development of 
their buds, spurs and branches. 

A study of the fibro-vascular system of the apple. 

A comparative study of the cooking qualities of certain apple 
varieties. 

Some factors affecting the cooking qualities of pears. 

Modern marketing and storage methods. 

Study of the relation of variation in apples to their keeping 
quality. 

Promising varieties of apples that have originated in 
Washington. 

Methods of propagating fruit trees by hardwood cuttings. 

Cover crops: Their relation to soil, moisture and temperature. 

The vitality of i)ol]eii us influenced by time and conditions of 
storage, 

A study of the species of Malus. 

Development of fruit buds in varieties of apples. 

Growth and fruiting characters of strawberries as influenced by 
different soils. 

Self-sterility in varieties of apple. 

Plant Breeding. 

Value of Fj hybrids in tomatoes. 

The inheritance of doubleness, color, mottling, height of plant, 
and earliness in some annual flowering plants. 

Inheritance of different degrees of albinism. 

Inheritance in gourds. 

Color inheritance in the petunia. 

An inquiry into the nature of a somatic segregation of char¬ 
acters in the he Conte pear. 

Ctenetic crosses. 

The effect of crossing on the yield in corn. 

Cross breeding lupines. 

Cross breeding experiments with the radish. 

Olericultube. 

Factors in forcing of rhubard with special reference to use of 
anaesthetics, temperature, light and other factors. 

Factors influencing the yield and quality of tomatoes for can¬ 
ning purposes. 

Growing tomatoes under glass. 

Potato studies. 
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There is a noticeable tendency for the thesis subjects to follow 
the special lines of research in the experiment station. This is par¬ 
ticularly noticeable at Missouri, Nebraska and Virginia. This is 
very desirable and in a way emphasizes the helpful influence of the 
experiment station research. 

At the sixth annual meeting of the Society, Dr. E. W. Allen 
reported that of the 45 horticultural projects submitted under the 
Adams fund nearly one-half were breeding investigations. It would 
seem from the reports tliat, with the exception of a few institutionSy 
these investigations have not been carrii^d to the point where they 
are having a large influence upon graduate thesis investigations. 

A general criticism of the thesis subjecds would be that they are 
too broad in scope. More specific problems can be (»arried further, 
and more can be accomplished within the time limits of either ad¬ 
vanced degree. Judging from the thesis subjects it is apparently 
more difficult to study intensively than extensively. The results of 
thesis investigations sliould be published, as other depai’traental re¬ 
search, when valuable results are obtaiiuKl. 

Nearly all of tlu^ institutions offering graduate work have as- 
sistantships or fellovvsliips, varying in amounts from $100 to $1000 
a year, availabh^ in tlie de]>artment of horticulture. These assistfint- 
ships seem to vary considerably in cJiaraeter and also in the resi¬ 
dence allowan(*e permitted. Some were teaching assistantships, 
some researcli, and some were full time fellowshiyis. As far as could 
be ascertained, no sliarp distinction was made })etween the types of 
assistants as to time allowam^e. Extra<ds from the letters of two 
correspondents are included which set forth cpiite clearly the princi¬ 
ple involved in residenize credit for graduate assistants. 


‘‘Tn regard to the research ixssist ant ships, I tlniik that 
students ought to be allowed full residenee if their assistant- 
ships jiermit them to spend all of their time on research 
work. This has been our (mstom here. On the other hand, 
if the assistantship is su<*b that the bolfler is doing a con¬ 
siderable amount of routine work for the professor in (iharge, 
I should think the amount of credit would be determined by 
the professor. In other words, the amount of credit ought to 
depend on whether the assistantships are established entirely 
to help the student or primarily to help the work of the 
professor.” 

I'Our graduate assistants are employed on the half-time 
basis. The term of employment is for the calendar rather 
than the academic year, evem though the young men are al¬ 
lowed an equivalent of one month’s vacation in each calen¬ 
dar year. At the end of two years they are allowed to pre¬ 
sent themselves for the master’s degree. It will also be 
possible for those of our graduate students who may care to 
remain here for a period of four years to secure the doctor’s 
degree in that len^h of time.” 
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A considerable increase in the number o£ assistantships avail¬ 
able to graduate students is in some respects desirable, since there 
is an opportunity to pick men of piH^mise and good training for 
them. From this standpoint some control can be exercised over 
the type of student entering upon a course of advanced training. 

According to the answers to the query as to whether any pro¬ 
fessional or honoraiy degrees are offered, only two institutions re¬ 
ported that degrees of any kind were given other than the regularly 
earned master^s or doctor’s degrees. 

The diversity of view with reference to graduate study in horti¬ 
culture is well shown by statements taken from correspondence 
received in the cause of this inquiry. Some are quoted l)elow. All 
sections of the country are represented. 

“[ have attempted brief answers to your questions, but 
must x^xpress my feeling that, so far as horticulture is con¬ 
cerned, the matter of graduate work is yet iii infancy and 
methods of procedure are not well defined. Letters from men 
in other institutions asking about available problems for 
graduate work in horticulture indicate that difficulties in 
choosing problems are generally appreciated. 

“There is no dearth of problems. The difficulty aiises 
in so dividing and limiting a ])roblem that the stiuieut may 
have some hope of reaching results within the tiim^ limit. 
Usually work begins in September just at the close of outside 
plant activities and must he corniileted soon after growth be¬ 
gins in spring. This time limitation must of necessity elimi¬ 
nate many pi’oblems. For most students only problems that 
may be (tarried on under glass through the winter are avail¬ 
able and most of such problems are within the province of 
physiological botany just as much as they are within the 
province of horticulture.” 

“We have nothing to do with any undergraduate teach¬ 
ing, but for several years past we have taken a strictly limited 
number of carefully selee.ted graduate students and have 
taken them right in to the department and put them at work 
on problems. We do not attempt to give them any course 
work but sinipb' to direct the research part of their graduate 
study. We believe hero that this works in a very satisfactory 
way, both from the station standpoint and from the univers¬ 
ity standpoint. It needs, however, to be very carefully safe¬ 
guarded at a number of different points or otherwise it will 
make difficulties. I think that under no circumstances should 
a station of this sort be open indiscriminately to graduate 
students. One must be able to use selection.” 

'‘I am most heartily in favor of separating research work 
from all undergraduate teaching. Experience ♦ ♦ ♦ ♦ has 
given me an opportunity to try both plans and so far as I 
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am concerned, the advantages are greatly in favor of sepa¬ 
rate institutions for the two distinct lines of work. I am 
strongly of the opinion that a limited number of graduate 
students are helpful to the man doing research work and 
ought to be of great value to the student. 

‘^With reference to master’s students 1 am very strongly 
of the opinion that it is idle to expect them to do original 
research work. We do not have any master’s candidate do¬ 
ing such and do not expect to have. We require him to write 
a thesis and to get up the fundamental courses such as soils, 
botany, and chemistry that he should have for any sort of 
college work in pomology. We do not expect to take many 
candidates for the doctor’s degree.” 

think graduate work in horticulture should be done 
largely in the departments of plant physiology and plant 
breeding particularly, with probably some work in pathology 
and entomology. Outside of thesis work I can see very little 
opportunity for graduate work in horticulture proper. After 
having had one 3 ^ear’s graduate work, majoring in horticul¬ 
ture and minoring in entomology, if 1 were to plan again to 
take up graduate work, as 1 fully intend to do, I would major 
in plant physiology and minor in plant breeding. ’ ’ 

‘^Of course I assume that all candidates for the doctor- 
ate anywhere would expect to fulfill requirements generally 
regarded as essential to this degree and to present a dis¬ 
sertation which would pass muster as a good doctor’s thesis. 
On the other hand, just what should be the requirements 
and content of the work required for the master’s degree? 
If an attempt is made to hold a student to working out some 
original problem in an investigation, the one year usually 
required for a master’s degree is a very short period in which 
to work out most original problems. It would be of great 
interest to me personally to know how far the different insti¬ 
tutions find it feasible to require the working out of an origi¬ 
nal laboratory or similar investigation problem, or how far 
they find it desirable to go over the literature and work up 
what is known to them concerning a question, irrespective 
of whether it entails the working out for themselves of any 
original laboratory problem. Personally, I have sometimes 
felt that a candidate for the master’s degree attempting the 
working out of an experiment means that in the year he will 
accomplish often very little with his experiment and yet in 
his strenuous attempt to get enough out of it to make a mas¬ 
ter’s thesis, he will do very little in the way of exhausting 
the literature of that subject or to become well grounded in 
what is already known about it.” 
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“As to graduate work in horticulture as such, I would 
not recognize that the assignment of a strictly horticultural 
subject as a doctorate thesis would be entirely correct, al¬ 
though, of course, every institution in the country will un¬ 
questionable continue to do this. The subject work for thesis 
must in my judgment be purely scientific statements. While 
horticulture is an art in very large measure, the study of any 
one factor of scientific nature that will be selected for gradu¬ 
ate work will fall within some one of the primary sciences. 
Of course, from the conditions existing, we shall naturally 
have many of these subjects assigned in the department of 
horticulture, even though they refer more directly to a pure 
science. After all I presume we must consider that the 
nature of graduate work will depend upon the character and 
caliber of the instructor in charge of it, regardless of where 
this work is conducted. ^ ’ 

“Owing to the limited size of our teaching staff in the 
College of Agriculture, we find our hands so full of under¬ 
graduate teaching that we have been unable to offer gradu¬ 
ate courses. It is true that some graduate work has been 
done, but this year we decided not to grant any graduate 
work whatever until we were in a position to handle the work 
more efficiently.^’ 

“In this connection it should be stated that there is no 
horticulture work, as such, in this college. Horticulture has 
been divided into its several branches, and in some instances 
we have even gone so far as to sub-divide these. ’ ’ 

‘ ‘ 1 may add we do not particularly advise such graduate 
work. Our regular bachelor of science students have such a 
good chance at practical work in handling estates, if they do 
not already have a home place, that they usually look in that 
direction after a year or so as assistants.” 

“Since I have been connected with the institution, I 
have not encouraged our own graduates very largely to take 
graduate work here. I tried to impress upon our students 
the necessity of taking graduate work in some large eastern 
institution where facilities are better for doing graduate 
work.” 

“I have never felt like trying to develop graduate work 
at this institution until I became a good deal better satisfied 
with the quality of the undergraduate work than I have been 
in the past. The institution, as are most others, is limited in 
its funds and can not hope to do everj^hing well. I have 
advised a number of our men who are interested in gradu* 
ate work to take it somewhere else. Ordinarily I think this 



86 


TliE SOCIETY FOR HOKTICULTURAL SCIENOE, 


is sound advice no matter how well qualified an institution 
is for graduate work. 1 doubt if it is often desirable for a 
man to eoiitinue at his Alma Mater to work for an advanced 
degree.'^ 

“The Agricultural College here has not encouraged 
graduate work to any great degree. The University commit¬ 
tee on graduate study does not think that the different de¬ 
partments in the College of Agricnilture are sufficiently 
equipped to give major courses even for master's degree.*' 


From what has ])een })resented it will be evident: 

1: That W(‘ confront a <*ondition or a stage in the evolution of horti¬ 
cultural instruction quite similar to that in other applied 
fields, and that development has gone further or in different 
directiojjs in soim* institutions than in others. 

2: That graduate instruction in horthuilture is not well organized, 
nor is the type of work which sliould be given well recognized. 

3: That the difference in ])urpose of graduate and undergraduate 
instruction should be better recognized in order that a (dearer 
distimdion can be made tlumi. In tins connection it 

will be evident that, (a) the chief ohje^d of the undergraduate 
instruction is to train the student to think and to olitain a 
working knowdedgi^ of a larg<* body of facds, nudlRuis and 
technique, within a particular subjecd group. Known facts 
systematically arranged are dealth with. And (b) that the 
chief object of graduate^ instruction is to ti’ain the student 
for independ(nit constriudive thinking and researeh. The 
body of knoAvn facts dealt with is broaclened and n^searcli and 
thinking may h^ad to new' fields or methods, or, known meth¬ 
ods ami teclirii<pie may be taken and apx)lied in a new field. 

4: That the formal t)*aiuing of workers in the horticultural field 
is not equal to that of the staff in the sciences, as chimiistry. 
Among the factors whicdi bear upon this condition may be 
mentioned (a) the demand for men in the praedieal work, 
(b) the rapid development of the w-ork in point of attendance 
and differentiation of the field, (c) ideals of the heads of de¬ 
partments and the administration as to the type of training 
demand(^d in men selected. 

5: That from the standpoint of the future better trained men on 
the teaijhing and researeh staff, either of the lower or higher 
rank, will have a direct influence upon (a) the undergraduate 
instruction, (b) upon the graduate instruction and (c) upon 
the statioji research. The interdependence of these in our 
agricultural colleges will be evident. 
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To conclude, the committee has attempted only to investigate 
and report upon the present status of graduate work in horticul¬ 
ture. The investigation has not been of such a nature, nor has it 
been carried far enough, to make definite recommendations. As a 
result of our survey, how^ever, we wish to suggest two lines of 
inquiry which seem to us to be the most needed and the most vital 
at present to be investigated thoroughly and reported upon, by the 
committee on graduate work, one year hence. 

First: AVhat is tlie best type of thesis research to be assigned 
to graduate students majoring in horticulture? 

a. For the master’s degree, or not, as the case may be. 

b. For the doctor’s degree. 

It is understood that aside from tlie type of tliesis special atten¬ 
tion shall be given to (a) the scope of the wovk or ground covered 
and (b) suggestive outlines of selected topics. 

Second; What is th(‘ best probable provision that can be made 
under our present conditions to raise the standards of graduate 
work in horticulture ? 

It is understood that under this heading special attention shall 
be given to (a) tin* desirability or the advisability of requiring the 
thesis research to be carried forward in the department of horticul¬ 
ture, or in one of the fundamental scieiuies, such as plant pliysi- 
olog>\, ecology, chemistry, soils, genetics, etc., (b) the influence upon 
graduate work of sei)aratiiig the college and station work, (c) the 
advisability of a closer relation bet^veen tlic station projects (es¬ 
pecially the Adams fund ]iroje(ds) ajid graduate* thesis investiga¬ 
tions, td) the best adjustments or arrangements within the stafif, 
so that more time of (jualified instructors can be given to graduate 
work. 

REPORT OF THE COMMITTEE ON POMOLOGY. 

Uy W. pAmK)CK, Chairman, 

Ohio Staff Cnivfrsitif, CffJamhns, Ohio. 

A study of the reports of our Society reveals the fact that in- 
structioji in the various brandies of liorticulture is approaching 
something like a system in the various colleges. 

As has been pointed out, conditions vary in tin* different insti¬ 
tutions, consequently a certain course may be given at one place 
and omitted at another. But in the <‘nurses themselves, the cata¬ 
logues show' a growing similarity. We feel that the outlines pub¬ 
lished in the reports have been of the greatest value in this respect. 
They must be of especial value to the younger men as aids in shap¬ 
ing their work and in giving the idea of system. 

The general work of the Society has promoted the exchange of 
ideas, a feature which must result in progress. Not so many years 
ago outlines of courses of study, teaching methods, and laboratory 
outlines were jealously guarded. Today w^e are helping the cause 
by being free with our outlines, plans and schemes. Any one 
i^ould now feel free to call upon the chairmen of the various com¬ 
mittees, at least, for information along these lines. 
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We note with satisfaction that the subject of vegetable garden¬ 
ing is receiving more attention in the colleges. Just why this sub¬ 
ject should have been relegated to the background is diflScult to 
understand. Certainly the products of the garden have always 
been, and always will be, of more importance tJian are those of the 
orchard. 

The committees on vegetable gardening, on floriculture and on 
pomology, do not wish to report farther at this time, but refer the 
members to the fairly complete write-ups that appear in the last 
reports of the Society. 

Now that we are beginning to get some system into our col¬ 
lege work, we need to turn our attention to graduate work. This 
is a held that is yet practically untouched. Our committee on 
graduate courses can be of great help in getting this work started. 
Outlines of courses and suggested topics for theses will do more good 
in this connection than many pages of theories. Of course, most of 
us can work these things out after a fashion, but a free exchange of 
working ideas will be of the greatest help. 

In conclusion we would suggest that a committee* on instruction 
exhibits be appointed by the Society. The duty of the committee to 
be to arrange for exhibits in (tonntiction with our Society meetings. 
Such exhibits to consist of outlines, laboratory syllabi, teaching 
helps of various kinds, togetlier with results as shown by student 
work. 


INHERITANCE OF SEX IN THE GRAPE. 

By W. D. Valueau, VniversiUj Farm, >S7. Paul, Minn. 

(This address will be published in some technical journal, but 
the author was unable to tell the Secretary which one when the 
report went to press.) 

WEDNESDAY, DECEMBER 29, 9:30 A. M. 

INHERITANCE IN TOMATOES. 

By G. W. Hood, Experiment Station, Lincoln, Nebraska. 

Problems of heredity have been considered fundamentally im¬ 
portant for some time, and during the last few years this work has 
made rapid strides. Many hybridization experiments have been 
instigated, both in plants and animals, with the view of stud;nQfir 
heredity characters, but prior to Mepdel’s investigations very little 
was accomplished. 

The object of these experiments was to study the unit characters 
found in dwarf and standard varieties of tomatoes and to attempt 
to produce something superior to that which already existed in the 
way of a commercial market variety. It is well known that tomatoes 
are undergoing sudden and rapid changes, and distinct types are 
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appearing which are probably the result of discontinuous variation. 

These experiments were begun in the spring of 1912 at the 
Michigan Agricultural Experiment Station. The parent plants and 
the Fj generation were grown there, but, owing to my change of 
official position, the Fg and succeeding generations were grown at 
the University of Nebraska. 

Methods and Apparatus. 

The seeds of the parent plants were sown in the greenhouse 
March 15, 1912. The soil was a compost made of one part cow 
manure, one part sod and one part sand. This was prepared the 
previous fall. The soil was sifted and placed in the flats to within 
three-fourths of an inch of the top. The seeds w^ere planted one-half 
inch deep in rows which were two inches apart. Three weeks after 
the plants appeared they were transplanted to similar flats two by 
two inches apart, and allowed to become well established, then they 
were transferred to hot beds. Here they w^ere permitted to grow 
until May Ifl, when they were set in the held. 

The plants were set four by four feet in the fleld and were staked 
and trained to one stem. The usual methods of cultivation were 
given during the growing season. 

The work of hybridizing was begun June 25, and continued over 
a period of three weeks. Two hundred and fifty-two attempts were 
made of which thirty-six were successful. Strong healthy flowers 
were selected, and all but two or three in the cluster were removed. 
The buds were covered with paper sacks. Out of thirty-six crosses 
several were duplicates. In every case except one the Dwarf Stone 
was used as one parent, with the view’ of studying the height, 
growth, and the dominant and recessive characters of the plants. 
One standard cross on a standard was successful. 

The following list includes the successful crosses: 

1 . Prosperity x Dwarf Stone. 

2. Dw^arf Stone x Prosperity 

3. Barliana x Dw’^arf Stone, 

4. Dwarf Stone x Earliana. 

5. Dwarf Stone x June Pink. 

6 . June Pink x Dw^arf Stone. 

7. Stone x Dwarf Stone. 

8 . Dwarf Stone x Stone. 

9. Dwarf Stone x Bonny Best. 

10. Comet X Dw^arf Stone, 

11 . Pondercm x June Pink. 

Fi Generation. 

Seeds of the Fi generation were planted March 20,1913, in the 
^enhouse, and bandied in the usual way. On April 3, the seed** 
Ungs were transplanted two inches apart in flats. The plants were 
then divided and a part transferred to hot beds and the remainder 
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to the greenhouse. On May 1 the second lot of plants was set in the 
permanent beds in the greenhouse where they were grown to 
maturity. Five plants of each cross, as well as a similar number 
of parent plants, filled a small greenhouse. 

The first lot of plants, which had previously been transferred 
to the hot beds was kept growing, and finally set in the field 
May 31. 

The usual commercial greenhouse methods were practiced, grow¬ 
ing the plants at a night temperature of 58and a day tempera¬ 
ture frpm 70^ to 75°F. 

The field methods were the same as used under ordinary field 
conditions. The plants were handled in two ways, namely, part of 
them were staked and pruned to one stem, and the remainder al¬ 
lowed to grow in the natural way with no pruning or training. 

Notes on F^ Generation. 

In observing and recording data in the F^ generations, many 
things of interest were noted, and in some cases no explanation is 
offered. In the greenhouse five plants of each cross were used and 
the average results for each cross are found in Table 1. 

Table I. 

TOTAL AVERAGES OP CROSSES. 


Name of 

Av. No. 

Av. No. 

Tl. Av. 

Ave. 

Av. No. 

Plant 

Clus’rs 

Fruits 

Weight 

Weight 

Diseased 

D. Stone x Prosperity.. 

5.00 

14.00 

44.6 

3.00 

1.6 

Prosperity x D. Stone.. 

4.50 

14.00 

50.00 

3.60 

1.5 

D. Stone x June Pink.. 

5.00 

17.00 

43.00 

2.53 

2.6 

D. Stone x Bonny I3est. 

i 4.25 

1 15.75 

i 50.25 

1 3.25 

1.5 

Earliana x I). Stone... 1 

5.00 

' 10.50 

44.00 

4.30 

4.5 

D. Stone x Earliana,... 

5.00 

! 15.00 

48.5 

3.25 

5.0 

Comet X D. Stone. 

5.50 

17.50 

49.5 

3.00 

2.0 

Stone X D. Stone. 

5.75 

■ 14.50 

44.00 

3.00 

2.5 

June Pink x D. Stone.. 

5.00 

11.00 

23.00 

2.10 

2.0 

Ponderosa x June Pink 

6.50 i 

i 

16.00 

1 

69.50 

! 

4.55 

i 

0.5 


It was found that the average number of flower clusters taken 
on the same date and at the assumed maturity of the plant varied 
from 4Vi to 5% to the plant where the Dwarf Stone was used as 
one parent, and 6^^ when two standard plants were crossed as 
indicated by the one cross. This might not prove true had a num¬ 
ber been taken. 
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Likewise when the Dwarf Stone was used as the female parent 
of the cross, the total average number of flower clusters was greater 
than when the standard plant was used as the female. This in¬ 
crease in number of flower clusters occurred in two cases, while in 
two other cases the total average was equal, indicating a point in 
favor of the dwarf plants lieing used as the female. 

If we attempt a correlation between the average number of 
flowers and the average number of fruits that set, it seemed to be 
in favor of the dw^arf plant when used as the female. This phe¬ 
nomenon was observed in (^acli of th<^ crosses and varied as an 
average of all of the plants from one to seven fruits. AVhile there 
seemed to be a diff<u*enc(^ in favor for tlie dw'arf plant wdieii used as 
a female, if we cousic]<‘r the number of flower clusters, this differ¬ 
ence eould not lie ('arried to the total weiglit of fruit. In in¬ 
dividual (*ascs this seems to ])e true, but there were ecjually as many 
tliat were not true. 

Summing uj) this i)]ias(‘. then, we are led to believe that even * 
if the number of fruits that set do favor the dwarf plant the total 
weight will not he materially affeet(‘d b(K‘ause the plant will pro¬ 
duce larger fruits when f(*iver in num))er. For some markets it 
might be an advantage to have a gn^atcu’ number of smaller fruits 
rather than a few larger ones. 

When we consider the average weight per fruit and the total 
weight per plant, there setaned to he no correlation as seen pre¬ 
viously (Table I I. Th(* average* weight per fruit fluctuated around 
oun(*es, ami varied from 2.10 to 4.55 ounces with individual 
specimens weighing from 1 to 14 ounees. 

SlTSCE!*TIBlliTTY TO DiSKASK. 

Th(*re was a great differmic(» notiMl regarding the susceptibility 
to the attack of certain fungous diseases, particularly the rots. The 
averag(* number of diseased fruits attacked by the blossom end rot, 
varied from 1.5 to 5 fruits, inaking a per eent varying from about 
10 to The Dwarf Stone x Karliana cross and reciprocal, were 
the most susceptible with practically no difference between the two, 
the one averaging 4.5 fruits and th(» other 5 fruits. The Dwarf 
Stone X Prosperity and reciprocal cross sho\ved the least suscepti¬ 
bility, giving 1.6 and 1.5, respectively. 

Perhaps a strain of tomatoes could be developed which would be 
practically immune from certain diseases, because this work would 
indicate that there is a great variation in the susceptibility of many 
varieties. I think some of our important work must be along the 
line of producing disease resistance strains, sim^e diseases are caus¬ 
ing great losses annually. 


Varution. 

In the progress of either plant or animal life, we are compeUed 
to deal with individual variation which might be said to be the re¬ 
sult of three factors, namely, environment, training, and heredity. 
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My work with tomatoes gave considerable individual variation, 
which, of course, is to be expected, and this is partly due to en¬ 
vironment and training, but these two factors must necessarily be 
the less important, because all conditions were made constant in 
order to learn of the variation due to heredity. 

Some considerable somatic variation was found in the tomatoes. 
To a large degree this was due to heritable influences, since ail the 
environmental factors were maintained as near constant as possible. 
There was considerable variation in the size of the plants, some were 
tall while others vrere short. The plants in the Fg generation all 
fluctuated around a mean height and this we call a fluctuating varia¬ 
tion. By examining the tables it will be seen that the mean height 
was 53 inches though the growth varied from 51 to 60 inches. These 
results occurred when the standard parent was used as the male. It 
will be seen also that the mean around which the fluctuating occur¬ 
red was greater than the dwarf parent, and known as plus. Taking 
a standard mean 51 inches, wo would have a deviation of 2 inches 
plus. 

Table II. 

COMPARISON OF RECIPROCAI.^^, DWARF AND STANDARD VARIETIES. 



i xi 

0.- 

’ 

! ^ 



1 

*a3 

1 

t? 

o 

q=5 

j ce 

1 ^ 

1 


55 

Crosses 

<x> . 

£ 

CC 

' e»D F 

j rt S 

as 

c® ^ 


> a 

a> !3 

2 lit 
^ 0 

i c® g S 

I V 

'S 
^ 2 

Prosperity x 1). Stone F,_ 

54.0 

6.0 

36.0 

6.0 

15.0 

D. Stone x Prosperity Fo.... 

61.0 

7.0 

38.0 

5.5 

14.0 

Prosperity. 

52.0 

10.0 

75.0 

7.5 

14.0 

Dwarf Stone. 

51.0 

5.0 

21.0 

4.0 

11.0 

Earliana x D. Stone Pj,. 

1 53.0 

I 5.6 

i 34.0 

5.0 

10.0 

D. Stone x Earliana F„. 

62.0 

' 5.6 

33.5 

6.0 

13.5 

Earliana. 

i 43.0 

! 2.0 

9.5 

! 5.0 

3.5 

D. Slone x June Pink F^.... 

59.0 

7:5 ~ 

‘“45.0 ' 

6.0 

11.0 

June Pink x I). Stone F'j.... 

53.0 

6.6 

32.0 

5.0 

11.0 

June Pink. 

i 46.5 

5.5 

36.0 

6.5 

5.5 

Stone X i). Stone FT.~TT.~ 

1 61.2 

■ 4 . 7 " 

riai" 

‘5.5 ~ 

i2.T 

Stone. * . 

1 54.0 

1 4.0 

i 20.0 

5.0 

11.0 

D. Stone x Bonny Best F^.., 

I 54.0 

7.33 

1 66.6 

6.0 

11.5 

Bonny Best . 

52.0 

6.5 

35.0 

5.0 

7.5 

Comet X D. Stone P^ . 

51.0 

5.0 

28.0 

5.0 

7.0 

Comet . 

50.0 

7.5 

45.5 

6.0 

1 13.0 

iE*onderosa x June Pink Pj ... 

67.0 

6.5 

42.5 

6.5 

! 13.25 

Ponderosa' . 

86.0 

10.0 

96.0 

9.0 

25.0 

June Pink . 

46.5 

5.5 

36.0 

6.5 

5.5 
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If we look farther and also examine Table II, it will be seen 
that the standard height of the reciprocal cross, or where the dwarf 
plant was used as the male, the average total height was increased 
about 9 inches, but there was also a fluctuating variation in height 
around a given mean, and this inean was increased considerably 
when the standard plant was used as the male parent, instead of 
the dwarf plant. 

ReC11*ROCAIi OltOSSES. 

It has been pointed out by previous workers that in some species 
and varieties of plants, the reciprocal crosses were impossible while 
the plants would cross readily the oppositt^ way. I found this was 
apparently the case with the tomato because in each cross reciprocals 
were made, but only three were successful. 

A plausible explanation might be made here relative to the in¬ 
creased yield, number of fruits, etc., that when the dwarf parent 
was used as the male in-so-far that the reciprocal, even though it 
did take, was weaker and the constitutional vigor impaired, which 
reduced the yield. It is reported that in some cases the reciprocal 
does take, but the resulting progeny is weak and inferior. Further 
work is necessary, liowever, l)efore this point can be determined 
with certainty. 

Length of Time Reqi:irei> to Rifex Fruit. 

In these experiments the time required for the crossed plant to 
rip(*n its fruit ^^as longer than for either parent. The actual num¬ 
ber of days later than the parents varied in every cross, and ranged 
from 19 to 110. 

If we consider a concrete example we find the following to be 
true, ("onnting the number of days from the time the fruit sets 
until it ripens, vvt* find in the crosses of the Dwarf Stone and 
Bariiana it recpiired from 115 to 38 days, while the Earliana and 
Dwarf Stone fruits ripened in about 30 days. 

Notes of F, Generation. 

A(?eordiag to Mendel each cross has differential characters, and 
certain of these characters are dominant while certain others are 
recessive, and certain factors will be apparently inherited to the 
exclusion of certain others. The expression of these recessive units 
will all appear in the Pj generation in the ratio of 3 dominants to 
1 recessive or a 3 to 1 ratio. 

In the work with tomatoes where the dwarf and standard varie¬ 
ties were used, there were dominant and recessive characters, and 
the particular character which was determined was tallness. 

The F, generation produced plants that were all standards; 
that is, plants that grew 5 to 6 feet in height and resembled the 
standard parent. Another character which was very prononneed 
was that of leaf differences. The general leaf character of the 
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standards seemed to be dominant over the leaf characters of the 
dwarfs, the leaves of the dwarf being much larger and coai*ser than 
the leaves of the standards. 

The F 2 genei'ation, according to Mendel, should give all the 
possible combinations of characters, and we should expect to find 
them prodiK^ed in numerical ratio of II to 1. This was found to be 
true with respect to the character of height. 

Table III. 

RATIO OF DWVRF PLANTS IN F., GENERATION. 


No. 


Crosses. 

No. Dwarf 

Standard 

Total No. 

Per cent 


Plants. 

Plants. 

Plants. 

Dwarfs. 

D. Stone x Pixispcrity.. 

120 

356 

476 

25.2 

Prosperity x D. Stone.. 

98 

263 

361 

27.4 

D. Stone x June Pink.. 

8!t 

392 

481 

18.5 

June Pink x D. Stone. . 

87 

370 

457 

19.2 

Earliaiia x I). Stone.... 

in 

234 

325 

28.0 

D. Stone x Earliana, ... 

74 

274 

351 

21.0 

Comet X D. Stone. 

187 

508 

645 

21.2 

Stone X D. Stone. 

59 

154 

213 

28.1 

D. Stone x Bonny Best. 

197 

772 

969 

20.3 

Sum Total. 

952 

3326 

4278 


Total average per cent. 




22.3 


In the Fo generation, wlihdi is tabulated in Table ITT, it is seen 
that a total number of 4278 plants were grown, of which 952 were 
dwarf, and 3326 were standard plants. This gave a percentage of 
22.3. According to Menders ratio of 3 to 1, or the theoretical per> 
centage of 25, th(*re is a divergence of 2.7 per cent between the ex¬ 
pected, or theoretical count, and the observed results. These re~ 
suits are obtained when all plants are considered regardless of the 
different standard parents. However, some individual crosses gave 
slightly different percentages. Take two concrete examples as seen 
in Table III, the Dwarf Stone x Prosperity and reciprocal, the 
actual observed ]>erccntages were 25.2 and 27.4, respectively, while 
with the Dwarf Stone x June Pink and reciprocal the actual re¬ 
sults showed a percentage of 18.5 and 19.2 respectively. This 
fluctuating variation was observed in the different (jrosses, and while 
time did not permit the duplicating of results to determine the .exact 
cause it might be mentioned that the standard parent may be re¬ 
sponsible for this variation, since the dwarf parent was the same in 
each ease. 
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Table IV. 


COMPARISON OF l»ARENTAL, AND Pg GENERATIONS UNDER 


GREENHOUSE 

CONDITIONS. 




Average 

Total 

Ounces 

Name. 

Number 

Yield 

per 


Fruits. 

Ounces. 

Fruit. 

Dwarf Stone x Prosperity Pj.... 

14 

45 

3.2 

Dwarf Stone x Prosperity Fj.... 

13 

42 

3.2 

Prosperity x Dwarf Stone P,.... 

14 

50 

3.6 

Prosperity x Dwarf Stone Fj.... 

13 

36 

2.7 

Prosperity. 

13 

34 

2.6 

Dwarf Stone. 

11 

38 

3.5 

Dwarf Stone x June Pink Pj.... 

17 

43 

2.5 

Dwarf Stone x June Pink F.,.... 

14 

40 

2.8 

June Pink. 

6 

23 

3.9 

Dwarf Stone x Bonny Best P,... 

15 

50 

3.3 

Dwarf Stone x Bonny Best Fg .. 

17 

51 

3.0 

Bonnv Best. 

10 

33 

3.3 

Earliana x Dwarf Stone F,. 

10 

44 

3.3 

Earliana x Dwarf Stone . 

11 

35 

3.1 

Dwarf Stone x Earliana . 

15 

48 

3.2 

Dwarf Stone x Earliana F^. 

13 

40 

3.0 

Earliana . 

15 

37 

2.4 

Cornet x Dwarf Stone F,. 

17 

49 

2.8 

Comet X Dwarf Stone F'o. 

12 

35 

3.0 

Comet . 

20 

47 

2.3 

Stone X Dwarf Stone F^. 

14 

44 

3.1 

Stone X Dwarf Stone P.,. 

12 

40 

3.3 

Stone. 

12 

35 

3.0 

June Pink x Dwarf Stone F^. .. . 

11 

23 

2.0 

June Pink x Dwarf Stone F... ... 

13 

38 

2.9 


Yield, 

By the examiiiatiGii of Table IV, where the eomparison of the 
yields of the parental, and Fj, generations are made, the cross 
yielded more fruit, both the individual plants as well as the total 
yield, than did either parent. Considering the standard plants of 
the Po generation the yields were slightly less than the Pj, and in 
both cas(*s the sum total yield as well as the number of fruits set 
was decidedly in favor of the Pj cross. Prom a commercial stand* 
point, it woiild Ikj practical to grow generation plants in order 
to get a more vigorous growth which in turn will produce greater 
yields. 

In every case the cross was more vigorous and thrifty than was 
either parent, which probably gave the increased yields. It was 
also found that the second and third generation plants decreased in 
yield, some only slightly while others equal to, if not below the 
parent. 
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PURTHEB DATA SUBSTANTIATING THE INFLUENOE OF CROSS¬ 
ING ON INCREASING THE YIELD OF TOMATOES. 

By Richard Wellington, Experiment Station, St. Paul, Minn. 

(This address is to be published in a bulletin by the Minnesota 
Experiment Station.) 

STUDIES IN LETTUCE BREEDING. 

By C. E. Durst, University of Illinois, Urlmna, Illinois. 

The lettuce breeding experiments reported herewith were begun 
at the Illinois Agricultural Experiment Station during 1913. The 
well-known forcing variety Grand Rapids was crossed with the 
heading varieties May King and Big Boston, the idea being to 
develop, if possible, a better forcing variety of head lettuce. The 
Big Boston and May King were also crossed with the wild form 
Lactuoa Scariola that is so common in the Middle West. This paper 
deals more particularly with the crosses first mentioned, but certain 
points in connection with the latter will be presented also. 

In making the crosses, the pollen was washed from the stiguas 
by syringing with water, substantially as descjribed by Oliver in 
Bulletin 167 of the Bureau of Plant Industry, United States De¬ 
partment of Agriculture, though certain modifications were adopted 
to meet the case at hand. 

May King and Big Boston have a pronounced heading habit. 
Grand Rapids is of the distinctly ‘^eaf’ or non-heading type. In 
the crosses May King (female) x Grand Rapids (male) and Big 
Boston (female) x Grand Rapids (male) the generation was 
intermediate in heading habit. The plants were con 8 y>icuously uni¬ 
form in this, as well as in all other respects. They were also con¬ 
siderably larger in size than the parental types. In the P.^ genera¬ 
tion, a graduation in heading habit was secured which extended 
from one parental type to the other. It was possible to divide these, 
arbitrarily, into six classes. Pew individuals were obtained which 
resembled either parental type, most of the population ranging be¬ 
tween these two extremes. In the generation of the cross Big 
Boston X Grand Rapids, some families bred true to one or another 
type, while others produced a mixed population, which was what 
would be expected. No F 3 plants of the other crosses have been 
grown to date. The heading habit in lettuce is apparently inher¬ 
ited according to the theory of multiple factors with incomplete 
dominance. 

Definite measurements were taken of the length and width of 
three of the largest leaves at the base of each plant in the crosses 
May King x Grand Rapids and Big Boston x Grand Rapids. Some 
idea of the shape of the leaves was obtained by dividing the aver¬ 
age of the figures for length by that for width. As very few P^ 
plants were grown, no measurements were secured for this genera- 
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tion. The means for length and width were undoubtedly higher 
than for the parents, but it is not thought that the coefficients of 
variability were greater. In the Fg generation the means for 
length were higher than those for either parent, while in leaf width 
the means were about at the midpoint between the two parents. 
The mean of the relation of width to length was lower in the 
plants in both crosses than in any of the parents. The coefficients 
of variability were much greater in all cases in the generation 
than in the parental types, which fact rnay he taken as proof that 
segregation of the factors controlling leaf length, width, and shape, 
took place. No measurements were taken of the plants, but 
that some families were breeding pure for a certain size and shape 
of leaf, while others produced a mixed population, w’^as plainly ap¬ 
parent by inspection. Leaf length, width, and shape in lettuce ap¬ 
pear to be inherited also a<*.c(>rdiug to the tlieory of multiple factors 
with incom])lete dominance. 

Big Boston and May King carry a i-ed or bluish-red pigment 
w^hicli sometim(*s becomes so prouounc<‘d when a period of cool 
\voather occurs just before cutting time, that the i)roduct is dis¬ 
counted in value on the .market. Grand Rapids is free from this 
pigment. The presence of this eharacter is alh^lomorphic to its 
absence, tin* former behig dominant. Inheritance in tins case occurs 
in simple Meiideliaii fasliioii. Heading ty])es lu’eeding pure for tbe 
absence of pigment wer<' obtained in the F.. generation of the cross 
Big Boston x Grand Rapids. As already stated, no F., plants of 
other crosses have been grown. 

The seeds, or a(d)ones, of Big Boston and May King are gray¬ 
ish-white. Those of Grand Rapids and the wild J^avlum srariola are 
browuiish-blaek. In the F, generation all seeds were black. In the 
F 2 generation ])raetieally a )1:1 ratio was obtained when May King 
was crossed with either Grand Rapids or the wild form. Wlien Big 
Boston was crossed with the same two, a J):7 ratio ai)pears to have 
resulted in both cjises. In other words, it appears that one pair of 
faetors is (*oiieerned fm* seed color when ^lay King is (*rossed with 
Grand Rapids or the wild form, and that tw’o factors are involved 
w^hen Big Boston is substituted in its place. On account of the w^et 
weather the past season, many of the plants died from disease before 
producing seed, (‘oiisecpicntly, the number of individuals involved is 
not large enough to permit final con(dusions. Tlu‘ results pohit so 
strongly in the directions outlined above, how^ever, tliat it is be¬ 
lieved those statements represent the truth in the matter. Whether 
or not such is actually the ease, only further investigation can 
determine. 

The wild Lachica srarif^la is densely setose or spiny on the un¬ 
derside of the midribs. A feiv smaller spines are also present on the 
low^er epidermis. Big Boston and May King are destitute of spines, 
except for a few- very inconspicuous ones near th(> bases of the 
midribs. 

In the crosses between the wild form and Big Boston or Grand 
Rapids, all plants in the generation w^ere spiny. 
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In the Po generation an almost exact 3:1 ratio was secured when 
Big Boston was crossed with the wild form, hut what seems to be a 
9 ;7 ratio was the result when May King was crossed with the wild 
form. One pair of alleloiuorpljs is apparently involved in spine 
inheritan(*e when Big Boston is crossed with the wild form, while 
two pairs seem to he involved when May King is used* 

As with respeid. to color, a single pair of allelomorphs seems in¬ 
volved in one cas(‘ and two pairs in, the otiier, though in contrast 
to the case of seed color the varieties Big Boston and May King are 
reversed in regard to which one carries the one or the two j)airs- 

As to the adaptability of the hybrids for forcing purposes, the 
original o])ject of the exp<u*iment, no data have yet been secured. 
On account of limited greenhouse facilities the heading types will 
first be fixed on the outside, after vhich they will be tested under 
glass. 

Other matter's are under study, Imt insufficient data have been 
collected to piUTuit a report at this time. 

INVESTIGATIONS IN CANNING SWEET POTATOES. 

By T. 11. McH \TTON. ("uii'irsifi/ of (uonjia, AihniH, (Uorgia. 

The basis of this report is a thesis of Mr. R. K. Blackliurn whicli 
was pix'sented to the faculty of the I’niversity of Oeorgia in par¬ 
tial fulfillment of th<‘ master’s degree from that institution. Two 
years were (ievot(Ml to this work in the horti(*nltural labof'atories. 

A gr(*at number of in(iuiri(*s ('onc(‘rning the lM*st nudhods of can¬ 
ning sweet ])otatoes, (*oupled with tin* fact that Oeorgia is tlie larg¬ 
est sw<*ct potato jiroducing state, led us to study this problem. Some 
three or four years ago then* were one or two sueccssful sweet 
potato <*anning (‘stahlishments in (leorgia: hut owners of these es- 
tablishm(»nts refused to givt* us any information, and treated as 
trade secrets tin* methods 1h<*y followed, therefon*, tin* department 
began its investigations. 

it is probable that tin* tirst eanned sweet potatoes v'ere ])Ut up 
by Knowles & Anderson, of New Jersey, in ISHo. It is certain that 
during the last ten years the sweet potato eanning industry has in¬ 
creased 417 per (*ent and that tin* value of canned sweet potatoes at 
the present time is several hundred thousand dollars, with an in¬ 
creasing demand that is not hmng filled. Through correspondence 
vv<* found many con(*erns going out of business, mainly because sweet 
)>otato canning was not as jirotitaldc as they had expected, due to 
the trouble* in keeping down swells. Letters from (tanneries all over 
the United States showed a variation in methods used, running from 
3 hours in tin* open pro(*ess, with swells ]>ro(*essed on the second day, 
to 70 minutes in a (dosed ])roeess at 250 degrees P\, or 15 pounds 
Ht(‘am jn-essurc. 

Uon.siderahly more than 2,000 cans were jiiit up in the labora¬ 
tory. Jars \ycre used to a great extent, as changes in the product 
(*ould ]>e easily iK)t<»d. The period of cooking the sweet potatoes 
hefort* putting into eans was varied from 20 to 90 minutes; the time 
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of exhausting from 0 to 30 minutes; the open process from 1 to 5 
hours. All the open process work from 1 to 4 hours was unsatis¬ 
factory, but when processed from 4 to 5 hours a fair degree of suc¬ 
cess was obtained. Such a long process was considered impracti- 
cable on account of expense. A period of 40 to 45 minutes waa 
found to be the liest length of time for cooking sweet potatoes be¬ 
fore peeling them; and in furthei* work this time was used, unless 
the potatoes were peeled with lye. Peeling with lye is used by some 
(Concerns. A solution of potash is luade up strong enough to take 
the skin off in about 4 minutes. This solution is kept boiling, the 
potatoes are removed from it and placed immediately under a strong 
spout of cold water. This removes the skins. The potatoes are then 
transferred to a reeeptacdo of hot wat(*r where they remain from 10 
to 15 minutes l^efore being transferred to another receptade and 
cooked. 

Tn (‘xperiments witli intermittent proe(\ssing the time of exhaust 
was varied from 0 to 30 minutes, and processing from 1 to 3 hours 
on 2 and 3 suc(*essive days. These methods gave fairly good re¬ 
sults as far as keeping was (concerned, Imt produced a very poor 
color. For that reason the interinitttmt processing for canning 
sweet potatoes was dis(*arded. 

In pressure work tin* sweet potatoes were cooked from 40 to 45 
minutes; the exhaust varied from 0 to 30 minutes: the time of 
process from 1 to 3 hours; aiul the pressure from 5 to 15 pounds. 
This work gave good results and fair (‘olor. 

The next experimental work was a study of tlie color of the 
tinal product. In this work potatoes were cooked and peeled by 
hand, as well as peeled with strong lye. The intermittent process 
was used on 3 and 4 successive days, as well as })ressure at 5, 10 and 
15 pounds. The color }>rodu(*ed by intermittent process was '‘poor” 
to ‘*fair” ill all instam-es. and ‘*fair” to "good” in the pressure 
tests when the product was allowed to cool slowly. When the re¬ 
tort was filled with cold water imuu*diatcly after ])ressure pro¬ 
cessing was over, th(‘ colors obtained were "good" to "excellent.” 
The amount of exhaust did not seem to have much to do with color, 
though soim‘ of the (*ommercial canners state that unless sweet 
potatoes are (exhausted the air in the can will cause a darkening of 
the product. It is gemu-ally accepted that to obtain good color in 
canning sweet potatoes, they must he jirotecdt^d from tlie air as much 
as possible from the beginning of the eauning o]>erations until they 
are finished; this held true in our work. 

At the end of the experiments the following method of canning 
swwt potatoes was re<*ommeiided to the canning club ‘agents of 
(Georgia, as well as to others interested in this business. 

In order to obtain a good commercial prodind which will keep 
and have a good (*o1or, the sweet potatoes should hi* (*ooked from 
40 to 45 minutes hefon* being peeled, or peeled with hot lye. After 
peeling, pack into cans as tightly as possible; exhaust for a few 
minutes; seal and process at 10 pounds pressure, or 240 degrees P., 
for from 70 to 75 minutes, and cool immediately by the introduction 
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of cold water into the retort just as soon as processing is over. The 
best coinmenua] results will be obtained under these conditions. 

One of the points to receive attention in this work was the in* 
fluejice of processing on tin* sugar content of the product. It was 
hoped to study this question in relation to the various methods of 
processing. The chemical analysis could, of course, have been made, 
but the laboratory was not equipped for tiiis work, and it was 
decided, tber(‘fore, to use the polariscope. The solutions for test* 
iug were mad(‘ up by the accepted method; that is, using 26.048 
grams of the potato grated to 50 (*. <*. of w^ater heated to 55 or 
60 degrees Cool for several ininut(‘S; heat again; clarify with 
lead suha(jetat(\ or aluminum eream. or botli; filter and make up 
to 100 e. e. wdth distilled w’ater. To det(‘rmine tlie inverted sugar 
50 c. c. of this material were taken and fr(*ed of the lead ])y precipi¬ 
tation ; 25 e. (*. of water w'ere added, and while heating to 70 
degrees 5 c i*. of 11(1. 58.8 per cent, w’(‘r(‘ added. Tlie solution 
WJ^as allowed to stay at 70 degrees (' from 7 to 7*^ minutes, and 
cooled qui('kly to 20 degrees (J., th(‘n tliluted to 100 e. ('. As far as 
results obtaiiKHl from tin* polariseoj>e analyses of direct and in¬ 
verted sugars are concerned, we must r<‘port absolute failure. The 
results would not ebi‘ck. The greatest troulde w’as in clarifying the 
solution and getting it filtered. Various kinds of sm^tion filters 
WT^re used, but it took smne solutions as long as 2 days to filter once. 
The starchy content of the sw'eet potato is so great that it w^as found 
impossible to get solutions through filt(‘rs in any reasonable time. 
There was also a great deal of troubh‘ in clarifying solutions for 
polariscope wn)!‘k. The length of time re(juirf*d to carry on work 
with solutions brought in such a ]M)ssibility of wror. through evap¬ 
oration, etc., that after several months’ w’ork along varied lines we 
gaVe U]) this method of trying to (\stabli.sh the iufluen(*e of process¬ 
ing upon tin* sugars in the potatoes. This matter is reporhni simply 
to prevent Olliers from trying these methods: and should this work 
be taken uj) again other methods of studying sugar (*ontent will 
have to h(* us(*(l, as the jmlariscope has j)!‘oveu to lx* a failure. 

The most important juece of wmrk done in regard to this svv(*et 
potato (juestion was the investigation of spoiled eans. By inserting 
a note in the ‘'Canning Trade.’^ w'(‘ nH'eived specimens of both 
swelled and sprung cajis from 14 .soure(*s in 6 states. In none of 
th(' spoiled (^ans in th<‘ laboratory, several Imndred of which 
we liad during tlie beginning -of our experiment, had w’e been 
able to locate a fungus or yeast as eausing tin* trouble, but 
many of Hk* cans had a ])cenliar odor. It was decid(*d, therefore, 
to inv{*stigate the bacterial end of it. The media w^as made as fol- 
low^s:—100 grams of sweet potato cbop])ed fine; 500 (*. e. distilled 
water; put in 1,000 c. e. flask and hcat(Ml to 55 degrees C. for 2 
hours; filtered while warm and made up to 500 i*. c. with distilled 
water. pissolv(*d 10 grams of agar in 500 e. c. of distilled w^ater and 
filt(‘rcd into 500 (*. c. of sweet potato infusion, making 1,000 e. c. of 
sweet potato agar wdiich was sterilized in the normal way. From 
the spoiled eans in our laboratory w v isolated 2 baet(*ria, designated 
as number 1 and number 2. 
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Number 1 is described as follows: 

Agar plate j rapidly spreading colony, tbin, somewhat wrinkled, 
whitish, grayish when old, edge deeply fimbriate. 

Agar stab: growth dense over surface, and marked along the line 
of stab, uniform, and grows into the media. 

Agar slant: growth becomes dense over surface, along the line 
of the smear the colony diffuses into the media slowdy. 

Gelatin plates, stab, and slant: rapidly liquified. 

Potato plugs: for first few days growth is not seen, but gases 
formed, later growth becomes more evident and gas more 
plentiful; gas has characteristic odor of spoiled sweet potato 
cans. 

Organism does not form indol, II^S, tiyosine, nor does it have 
any efect on methyl blue, though litmus is reduced. There is no 
butyric acid. The organism stains readily with the ordinary stains. 
No flagella were found. It is a spore forming bacterium; faculta¬ 
tive aerobe; rods short and rounded at ends; species not identified. 

Number 2 is described as follows: 

Agar plates: colonies round, deep, dense, viscid, white, wrinkled, 
never spreading. 

Agar stab: growth over surface slow, does not diffuse readily 
into media. 

Agar slant: practically sanu^ as plate and stab. 

Gelatin plate, stab, and slant: liquified immediately, more rapid¬ 
ly than number 1. 

Potato plug: growth rapid, gi*ayish while, apparent from the 
first, no gas, no odor. 

Indol none, HoS none, trysoine none, litmus reduced, butyric 
acid none. Staining did not show flagella; a spore forming bac¬ 
terium ; aerobe; rods straight; species unidentified. 

As stated abovi*, these w’cre designated as bacteria number 1 and 
number 2, and came from laboratory material. The investigations 
of the spoiled (‘ans sent in gave the following table: 


Cans 

—Where Obtained. 

Type of Bacteria. 

Character 
of Spoilage. 

A. 

Florida 

No. 2 

springer 

B. 

West Virginia 

No. 1 

swell 

C. 

Virginia 

No. 1 and 2 

swell 

D. 

Delaware 

No. 1 

swell 

E. 

Virginia 

No. 1 and 2 

swell 

P. 

Maryland 

No. 1 

swell 

F, 

Maryland 

No. 1 and 2 

swell 

G. 

Delaware 

No. 1 and 2 

swell 

H. 

Virginia 

No. 2 

swell 

I. 

Virginia 

No. 2 

springer 

B, 

West Virginia 

No. 1 

springer 

It 

Virginia 

No. 1 and 2 

swell 

J. 

Georgia 

No. 1 

swell 


Georgia 

No. 1 and 2 

swell 
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In this table capital letters have been used to designate different 
concerns sending in cans. Where a capital letter is used with a 
numeral below, it shows that the (joiuiern sent 2 cans showing the 
different types of spoilage. Where No. 1 appears alone the can 
was a ‘‘swell/’ and on opening it the unpleasant odor of spoiled 
sweet potatoes was noted. Where No. 2 appears alone, the can Avas 
a “springer.” Sometimes No. 1 and No. 2 appeared together^ and 
under these conditions the can swelled and had a (diar act eristic 
odor. A glance at the table shov's that No. 1 appears in 11 in> 
stances; No. 2 in 9 instances, and No. 1 and No. 2 together in 6 
instances, and that both organisms are pretty well sc^attered over 
the whole sweet potato canning territory. No effort was made to 
classify or identify these bact<‘ria, though we (communicated with 
several laboratories in this eountry doing work along this line, but 
none of them were in a position to render us help. We feel, how¬ 
ever, that it has been determined that the great eaust» of trouble in 
the sweet potato (*anning industry comes througli the action of these 
organisms, eitiier indep(Uid(‘ntly or combined, and tliat sweet 
potato canners will find it u(‘eessary to use higli t(Mn])eratures for 
a considerable lengtli of time in order to produ(*(^ a product r(»a- 
souably free froin svv(*l!s and springers. 

EXPEBIMENTS IN THE USE OF MUCK OR PEAT SOILS IN 
GROWING GREENHOUSE CROPS. 

By II. ( \ Thompson, 

United States Deparhaf nt of AgrivuUurr, Washi)iffton, 1). (\ 

In order to study the diffenmt types of muck or p(»at soils and 
to determine the A^alue of sueh soils in growing greenhons<» crojis, 
the writer started a series of exp(^rim<mts in the fall of 1912. The 
experiments wen» ('arried on in greenhouses at tlie Arlington ex¬ 
perimental farm, near Arlington, Virginia. This work is corre¬ 
lated with field studi(*s which were made on the same mu(*k de])osits. 
The soil sele<»te(l for the experiments the first y(*ar, was taken from 
a cultivated field in northern New Jersey. This soil is a good type 
of black muftk and is repres4?iitativ<^ of large areas of cultivated 
muck land in various s(*<‘tioiis of the North. For a number of 
years this soil had been us<h1 for growing t^elery, lettuce, and onions. 
It was in a good state of cultivation and well decomposed. During 
the second and third yt^ars tlic same type of soil was used and in 
addition to this, another type was seemred from Michigan. The 
Michigan soil was taken from a finld whicli had grown sugar beets 
and mint fm* a fc^Av years, and is representative of large areas in 
Michigan aiid iicighhoritig states. This soil was not as well de- 
compos(Hi as the New Jersey soil and has not given as good results. 

During the season of 1912-1J, <frops of lettuce, cauliflower, and 
tomatoes were groAvn on the New Jersey muck. The lettuce was 
groAvn on raised side beindies whi<*b wc're divided into 8 equal plats, 
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5 feet 3 iiK?hes long and 3 feet 6 inches wide, the plats being run in 
duplicate sets. Cauliflower and tomatoes were grown on raised 
center benches in plats 5 feet 3 inches wide by 7 feet long. All of 
the mixtures were proportioned by volume. 

In the experiments the first season the same mixtures were used 
for all of the crops and were as folloxvs: 

Plat 1. Pure muck. 

Plat 2. % muck, clay. Vs sand. 

Plat 3. Vi* muck, V4 clay, % sand. 

Plat 4. i?heck % clay, Vi sand. 

Plat 5. Regular greerihoust* soil (Vi <*lay, % sand, V4 manure). 

Plat 6 . V4 muck, V''!* (day, Vi sand. 

Plat 7. Vs muck, % clay, Vi sand. 

Plat 8 . Vi muck, Vi clay. 

Th(* mixture used in Plat 5 was tiie same material that was em¬ 
ployed for general grt‘enhouse work at Arlington Farm in 1912-13. 
It WHS not a tirst-elass greenhouse soil, but had given fair results 
in general forcing work. 

The mu(*k soils used in the experiments and the greenhouse soil 
used in i^Jat o during 1912-1913 were analyzed for lime, potash, 
phosplioniH, and nitrogen. These analyses are as follows: 



CaO 

K„() 

no. 

N 

Muck soil, p<'f cent. 

. 5.16 

0.16 

0.42 

1.85 

Soil of Plat r.. 

. 0.46 

0.82 

0.36 

0.14 

Michigan muck. 

. 4.05 

0.26 

0.27 

2.15 


From these analyses it will be seen that the muck soil was low 
in potash, fairly high in lime, and high in nitrogen. However, 
many muek soils siiow much more nitrogen than the two used in this 
experiment. Tin* greenhouse soil was a fairly good garden soil, 
but rather low in jiitrogtai for a good greenhouse soil. 

It should be borne in mind that the muck soil used in all of the 
experiments was untreat(*d, and eontained a large amount of moist¬ 
ure, while the lunnure used in Plat r> \vas w^ell rotted, and was com¬ 
posted with the soil. Tin* mixtures containing muck were pre¬ 
pared a short time before tin* plants were set. 

In grow'ing lettuce the usual method w^as followed. The seed 
was sown in flats and the young ])laiits were transplanted once 
before being planted in the bench where they were to mature. The 
variety of lettuce used in these experiments was the Grand Rapids. 

The average yield per crop of six crops of lettuce grown on New 
Jersey muck is given in Table I. 
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Table I. 

AVERAGE YIELD OP LETTUCE ON NEW JERSEY MUCK SOIL DURING 

191243, 1913-14, and 191445. 



No. 

Weight 

Plat. 

Plants. 

Lbs. 

. __ 

70 

27% 

2 

70 

25 

3 

70 

23 

4 

70 

4 

5 

70 

21 

6 

70 

191/4 

7 

70 

13% 

8 

70 

25:;', 


The above figures show' that the highest yield was on the plat 
containing pure muck soil and that all of the plats containing 50 
per cent or more muck gave higher ields than the regular green¬ 
house soil. In fact, during two years out of three the plat con¬ 
taining 25 per cent muck produced larger yields than Plat 5. The 
yield on all of the plats containing muck wjis very mmdi low^er in 
1913-14 than in either of the other two years. The low' yields in 
1913-14 might have been due to loss of potash. The soil used the 
second year w^as from the original shipment of 1912 and had been 
exposed to the weather for a year wdien it was taken into the green¬ 
house. An analysis made at the end of the year showed a loss of a 
little more than half of the potash 

The .yield of lettuce on the Michigan muck soil is given in 
Table XL 

Table IT. 

AVERAGE YIELD OP LETTUCE ON MICHIGAN AIUCK. 



No. 

Weight 

Plat. 

Plants. 

Lbs. 

1 

70 

22 

2 

70 

21 

3 

70 

201 /, 

4 

70 

11 % 

5 

70 

26% 

6 

70 

19% 

7 

70 

17*'/I 

8 

70 

20 % 


By comparing the results given in Tables I and II it will be 
seen that the New Jersey muck soil produced much better results 
than the Michigan muck, although the latter contained more potash 
and nitrogen than the former. The difference in yields on the two 
soils might have been due to the difference in stage of decomposi¬ 
tion. The Michigan soil had not been under cultivation as long as 
the New Jersey soil and was coarser in texture. 
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Caulifloweb on New Jbesey Muck. 

The cauliflower was grown in the same mixtures as the lettuce, 
but the plats of the former were twice the size of the latter. Each 
plat contained 24 plants at the beginning. Six crops of cauliflower 
were grown during the three seasons, 1912-13,1913-14, and 1914-15, 
but the second crop of 1913-14 was planted so late that no heads 
were formed, and for this reason only five crops are considered in 
the records. 

Table III gives the total yield of the five crops. 

Table III. 


TOTAL YIELD OF FIVE CHOPS OP CAITLIPLOWEB ON NEW JEHSEY SOIL. 





. ^ 

1 

Marketable. j 

1 1 

Not Marketable. 

Plat. 

! i 

i No. 1 

Total 1 
Weight 1 

Weight j 
Trimmed 

1 j 

1 ! 

Weight 1 

1 

1 

i 1 

1 

Weight 

j J^lants. 1 

1 i 

Ponuds. 1 

Pounds. 

1 

No. 

1 

Pounds. 

1 1 

j No. 1 

j Pounds, 


J. . 1 


1 . 1 

1 ' 

( 

1 I 


; .- - 

1 

119 ! 

260^4 

1 

1 137 i 

94 

119% 

i ! 

2oy> 

0 

i i 

204 

1 114V. 

, 89 

1 98Vt 1 

1 30 

16 

3 

i 1J6 ; 

176 

1 98 

j 82 

1 851;. 

1 34 

12% 

4 

1 : 

100 

i 68% 

1 70 

1 53 

! 48 

13% 

.1 

1 120 ; 

168 

1 y-v 

1 74 

: 71% 

i 46 

20% 

(J 

i 319 i 

16914 

1 89 


74% 

1 35 

13% 

7 

1 118 I 

137 

1 861/i 

1 77 

65% 

1 41 

21 

8 

i 31« i 

i i 

209 

1 lisya 

1 

j 88 

1 i 

105% 

1 

j 28 

1 12% 

1 

The average 

yield per crop is given in Table TY. 



Table IV. 

AVERAGE YIELD PEU CROI> OP CACLIPLOWER ON NEW JERSEY MUCK. 


-'-T ' . 


' - - -r ' 

- . - . 


-- 

- 

-’r--rrr:"rrrrr: 





Marketable. i 

1 1 

Not Marketable. 



' Total 1 

1 

Weight 

1 





No. 

1 Weight 1 

Trimmed 


Weight 


Weight 

Plat. 

Plants. 

Pounds, I 

Pounds. 

No. 

Pounds. 

1 No. 

Pounds. 

1 

23.8 

1 

52.15 

27.4 

18.8 

23.85 

5.0 

4.10 

2 

23.8 

40.80 

1 22.8 

17.8 

19.65 

6.0 

3.20 

3 

23.2 

35.20 

19,6 

16.4 

17.10 

6.8 

2.50 

4 

23.6 

20.15 

13.7 i 

14.0 

11.00 

11.0 

2.70 

5 

24,0 

33.60 

1S.5 

14.8 

14.35 

9.2 

4.16 

6 

23.8 

33.85 

17.8 

16.8 

14.85 

7.0 

2.75 

7 

28.6 

27.40 

17.25 

16.4 

13.05 

8.2 

4.20 

8 1 

23.2 

41.80 

23.7 

17.6 

21.15 

5,6 

2,65 
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The cauliflower plants were cut off at the surfac*>e of the ground 
and the whole mass was w’eighed, then the leaves were cut off and 
the heads trimmed back as for market. The trimmed heads were 
graded into marketable and not marketable grades. 

An examination of Tables 111 and IV show that the highest total 
yield was on Plat 1 followed by Plats 8, 2, 3, 6, 5, 7, and 4 in the 
order named. The highest yield of trimmed heads was on Plat 1 
and follow^s in the same order as for total weight of plants, except 
that Plat 5 ranks ahead of Plat 6 in the former. The highest yield 
of marketable heads was on Plat 1 followed by Plats 8, 2, 3, 6, 5, 
and 7 in the order named. 

In order to find out if the soil was exhausted by two crops of 
cauliflower, it was decdded to keep the soil used in 1913-14, for 
another year. The soil was left in the benches during the summer 
and allowx^d to dry out. At the beginning of the forcing season it 
was thoroughly w^atered and put in good condition, but no fertilizer 
was applied. 

The yield of cauliflower on this old soil is given in Table V. 


Table V. 

CAULTFLOW^ER GROAVN IN NEW .lERSEY MUCK 1914-15 OK SOIL WUIICH 
HAD PRODUCED TWO CROPS IN 1913-14. 


Marketable. j Not Marketable. 


1 


Flat. 

No. 

Plant^s. 1 

i 

1 Total 1 
1 Weight 1 
Founds. 1 

W^eight j 
1 Trimmed j 
Pounds. 1 

1 

i 

i No. i 

1 1 

"Weight 

1 Pounds. 

; 1 

i 

1 

No. 

r . 

1 

Weight 

Pounds. 

1 

1 

24 

29% 

17% 

18 

14% 

6 

2% 

2 

24 

27% 

16 

18 

13% 

6 

2% 

3 

23 

25% 

15% 

20 

14% 

! 3 

IV 4 

4 

1 23 

8% 

5% 

1 0 

0 

! 23 

5% 

5 

24 

24% 

14% 

16 

11% 

8 

3 

6 

24 

18% 

11% . 

1 14 

8%, 

! ^ 

2% 

7 

24 

14% 

8 

1 7 

4 

17 

4 

8 

24 

19% 

1 

10% 

1 

I 11 

1 

6% 

1 13 

1 

4 


After producing the three crops of cauliflower this soil was 
fertflized at the rate of pounds to the plat of 4-8-10 mixture con¬ 
taining nitrate of soda, dried blood, l>one meal and muriate of 
potash. The fertilizer was applied to the surface and thoroughly 
mixed with the soil before the plants were set. The yield of this 
fourth crop is given in Table VI. 
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Table VI. 

CAUUFIXIWEK GBOWN IN NEW .JERSEY MUCK, FOURTH CROP ON SAME 
S(ML. FERTILIZER APPLIED FOR FOURTH CROP. 


Plat. 

No. 

Plants. 

Total 

Weight 

Pounds. 

Weight 

Trimmed 

Pounds, 

1 

24 

54 

32% 

2 

24 

571/. 

33:14 All 

3 

24 

52% 

28% 

4 

24 

42% 

251/4 Heads 

5 

24 

49% 

27 

6 

24 

501/4 

32% Were 

7 

24 

48 

29% 

8 

24 

56:;:. 

35 Marketable 


Tlu‘ %ni-(‘.s piv<*n iu the ahovf talJp show that i)lant food was 
t.hi> main lijiiitiiiK factor, aud that all plats produced fairly good 
yields wlnui supplit'd with a complete fertilizer. The highest yield 
was oil Plat 8, coidaining .50 per cent muck and .50 per cent clay, 
followed hy Plats 2. 1. .‘I, 6, and .5 in the order named. 


To.m \Toi;s <}kowx in Nk.w Jkr.sey Mi ck Soil Experiment. 


During the .season 1912-1.‘{ tomatoes were growu on the same 
soil mixtures as were used for liauliflower and lettuce, hut in 1913-14 
the sand was left out of the mixtures containing one-half, or more 
muck, and Plat 8 contained a mixture oi’ one-half muck, three- 
eighths clay, aud one-eighth manure. The percentage of muck in all 
of the plats was the siune in 1912-13 and 1913-14. 

The average t ields of the two crops of tomatoes is given in 
Table VIT. 


Table VII. 


AVEKAOE YIELD OF TOMATOFJ3 GROWN IN NEW .JERSEY MUCK SOIL IN 

1912-13 AND 1913-14. 


Weight 

Plat. Pounds. 


1 

2 

3 

4 

5 

6 

7 

8 


581/4 

59v;^ 

59 


381/, 

52 


50% 

45% 

61 % 
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The crop of tomatoes produced the second year was not as large 
as that grown the first year, except on Plat 5. Possibly the loss of 
potash due to leaching action of rains had some effect on the yields 
of plats containing muck soil. The highest yield for the two years 
was on Plat 8, followed by Plats 2, 3, 1, 5, 6, 7, and 4 in the order 
named. 

The muck soil from Michigan gave better results in growing 
tomatoes than in growing either lettuce or cauliflower, hut was not 
quite as good as the New Jersey soil. 

The yield of tomatoes on Michigan muck is given in Table VIII. 

Table VllT. 

TOMATOES GROW’N ON MICHIGAN MVCK SOIL. 

Weight 

Plat. Pounds. 

48i/> 

47A/. 

41) 

26i/, 

49 

3914 
41 “ 

51 

The results given in Table VJII show that all of the plats except 
number 4 gave a fair yield of tomatoes. Plat 8 gave the highest 
yield and Plats 3 and 5 produced the same amount of fruit. In 
other words, one-half mnek in (‘orabination with clay gave the same 
yield as one-third well rotted manure. 

Eoses in New Jersey Muck Soil Experiment 1913-14. 

The roses grown in this experiment were Pink Killamey and 
White Killamey, and were propagated from greenhouse stock 
grown at Arlin^on Farm. The plants were pot grown and were 
set in the greenhouse benches in June and received the care ordi¬ 
narily given roses. Records were kept by month beginning with 
October and ending with April. 

The mixtures used in growing roses were as follows; 

Plat 1. Pure muck. 

Plat 2. % muck, % clay. 

Plat 3. % muck, clay. 

Plat 4. Clay (CHECK). 

Plat 5. Greenhouse soil (3 parts clay, 2 parts manure, 1 part 
sand). 

Plat 6. 14 muck, % sand. 

Plat 7. % muck, % clay. 

The yield of blooms is given in Table IX. 


1 

2 

3 

4 

5 

6 

7 

8 
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Table IX. 

YIELD OF BLOOMS IN NEW JERSEY MUCK SOIL, 1913-14. 


Plat. 

No. 

lllooins. 

No. 

Ists. 

No. 

2 )id8. 

1 

674 

157 

.517 

2 

631 

282 

349 

3 

814 

707 

107 

4 

252 

206 

46 

5 

692 

571 

121 

6 

690 

565 

125 

7 

593 

GO 

125 


The blooms were separated into two grades. Those marked 
‘‘firsts’^ w^ere perfect blooms with stems over 6 inches long and 
those marked ‘‘seconds’’ were good blooms with stems under 6 
inches long. 

The best and largest blooms, the highest per cent of first grade 
and the largest number were produced on Plat 3, containing 50 
per cent muck and 50 per cent clay. The foliage was heavier and 
of a darker green (*olor on all plats containing 50 per cent or 
more muck than on Flats 4 and 5. The plants on Plats 1 and 2 
were very vigorous and had to be pruned back a number of times 
during the season, but the buds were not as good as on the other 
plats. However, our work this seioson indicated that an applica¬ 
tion of commercial fertilizer v'ould have remedied this trouble. 
Plat 6 containing 25 per cent muck produced about the same num¬ 
ber of flowers as Plat 5 which contained 33 1-3 per cent manure. 

Carnations in New Jersey Muck Soil Experiment, 1913-14. 

Carnations used in this experiment were propagated from green¬ 
house stock of Pink Enchantress. The plants vrere grown entirely 
in the greenhouse, being planted in the permanent beds early in 
the summer. The soil mixtures used for carnations were the same 
as those used for roses. The yield of blossoms is given in Table X. 

Table X. 

YIELD OP CARNATIONS ON NEW JERSEY MUCK, 1913-14. 


Plat. 

No. 

Flowers. 

No. 

Good. 

No. 

Split. 

1 

824 

629 

195 

2 

773 

587 

186 

3 

777 

638 

139 

4 

610 

487 

123 

5 

967 

832 

135 

6 

811 

665 

146 

7 

748 

603 

145 
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Good flowers were produced on alJ of the plat-s, but the highest 
yield of blossoms was on Plat 5, containing the regular greenhouse 
soil, followed by Plats 1, 6, 3, 2, 7, and 4 in the order named. 
Flowers of the best size and color and length of stem were on 
Plat 3. The stems on plats 1, 2, aiul 3 were heavier and longer 
than on Plat 5. 


Conclusions. 

While no def1nit<‘ eonclnsions are drawn, the results secured dur¬ 
ing the past few years indicate that a good tyj)e of cultivated muck 
soil can be used to advantage in growing greenhouse crops. The 
greatest value of mu(*k soil in greenhouse Avork is for foliage crops 
such as lettuce, although cauliflower and tomatoes produced good 
crops on ])ure nim'k and on mixture's containing 25 to 75 per cent 
muck. 

The best results in growing roses were secured on Plat 3 con¬ 
taining 50 per cent muck. The mixture containing 25 per cent 
muck and 75 per cent (day gave practicalh' the same results as the 
regular greenhouse soil which ('ontaiiu'd 3 parts clay, 2 parts 
manure and 1 part sand, 

(.'arnations did not produce as many flowers on any of the muck 
soil mixtures as on tin* ivgular greenhouse soil. The stems on the 
plants in the mixtures (containing 50 per cent or more muck were 
longer and heavier than on the plants grown on the ivgular green¬ 
house soil 

The soil from Mi(diiga]i did not produce as good results as the 
New Jersey soil, although the former contained more potash and 
nitrogen than the latter. The writer believes that, the physical or 
mechanical condition of the soil has a great deal to do with its pro¬ 
ductive capaeity. In othei* words, the stage of decomposition of 
muck soil determinc's, to a largi* extent, its value as a greenhouse 
soil. 

The indications are that a good type of muck soil can be used 
as a substitute for a part or all of the manure in growing the crops 
used in these experiments, with the exception of carnations. 


REPOET OF THE COMMITTEE ON SCORE CARDS 
(VEGETABLES). 


By W. W. Tract, Sr., Chairman, 

Vniicd States Department, of Agriculture, Washington^ D, C. 

(The committee made a lengthy report and after a short discus¬ 
sion it was decided to have a mimeograph copy sent to each member 
pending action on the report at the next annual meeting.) 



HEPOBT OK COMMITTEE ON PLORIOULTITRE. 


Ill 


REFOBT OP COMMITTEE ON PLOEICULTURE. 


By E. A. White^ Chairman, Cornell University, Ithaea, Neiv York, 

The lant report of yoiu' Ploricultural Committee was so com¬ 
plete that there seems little need of repeating the survey of the 
institutions offering courses or the outlines of the courses recom¬ 
mended. Since that report was written, however, there have been 
some changes and developments which should be noted. 

Better facilities for teaching floriculture have been provided at 
several agricultural colleges. Among these, new ranges have been 
built at Ohio, Iowa and Indiana, while extensive additions to glass¬ 
house areas for teaching have been made at the University of 
Illinois and at Cornell. 

In institutions where instruction in floriculture is given, there 
has lu^eii a strengthening of the courses as the needs of students 
have become more evident. Inhere are few pre(*edents in floricultural 
instnudion, therefore courses have been pfissing through a period 
of evolution. There has been a marked improvement in the nature 
of the work given. 

In the last report of your committee, attention was (*alled to the 
fact that there wer(» no suitable floricultural textbooks. In an en¬ 
deavor to meet this need, the chairman of your committee pre¬ 
pared during the past year a book of this clmracier, ''Principles 
of Floriculture.’' In the preparation of this book it was aimed to 
make a general survey of the principles which govern all phase-s of 
flower production; therefore, of necessity, many details were omit¬ 
ted. The book was designed to meet the needs of smaller institu¬ 
tions of learning where only a general course in floriculture is 
given in connection with other liorticultural courses. The flower- 
growing industry changes rapidly and almost constant revision is 
necessary to keep a textbook of this sort iix>'to-daTe. In those in¬ 
stitutions where special courses in floriculture are given, there is no 
doubt in the mincls of your committee that the lecture system, sup¬ 
plemented by required oulsitic reading, is the best method of giving 
instruction. 

Your committee wishes to emphasize the importance of requir¬ 
ing students intending to specialize to first have a thorough knowl¬ 
edge of chemistry, soils and fertilizers; also botany in all its phases, 
especially plant physiology and plant pathology. Unless these sub¬ 
jects be mastered before the luore technical courses are given, the 
students have little ability to master the subjects of flower and plant 
production. A business training is also essential, and every student 
of floriculture should have courses in costs and accounting, A cer¬ 
tain amount of farm practice also makes him more efficient. 

It is the opinion of the committee that instructors in floriculture 
should come in contact early in the courses with the students in¬ 
tending to specialize in floriculture so that a definite program may 
be mapped out for the whole course. Experience has proved that 
too frequently a student does not decide until his junior year, or 
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later, that he wishes to specialize in floriculture. His fundamental 
studies have not been of a nature to fit him for efficient work, and 
the results are unsatisfactory to both student and instructor. 

The problem of the cliaraeter and methods of laboratory work 
is a deep one. There should be a careful correlation between the 
work of the classroom and that of the laboratory. It is the opinion 
of your committee that laboratory exercises should not aim to make 
men proficient in the technique of greenhouse work, but should en¬ 
deavor to emphasize and make clear to them the reasons for the 
scientific principles and methods discussed in lectures. 

The problem as to how our men in floriculture shall get practi¬ 
cal experience, is also a serious one. Our agricultural cmlleges are 
not equipped to give training such as men should have if they are 
to take positions of a practical nature. The most efficient students 
are those who have had experience in greenhouses before coming to 
college. The numbt^r of these students, however, is limited. Our 
problem is in getting practical experience for these students who 
have had little or no training. It is our opinion that young men 
can get this experienVe nowhere bett(‘r than in an up-to-date com¬ 
mercial range where their work is supervised by a broad-minded, 
sue(*essful florist. The great difficulty is to find such places for 
young men. Alany su(‘(*essful florists do not want to be bothered 
with students in their ranges, and it is, of course, of little or no 
value for students to be with a second-class grower. There is also 
a feeling among too many y>raeticaJ men that the competition which 
they are to meet latcu* from the men they train will be detrimental 
to their })ersoijal interests. 

There has, however, developed recently among practical florists 
a more optimistic feeling regarding education, and many are giving 
most friendly co-operation in the work. Another difficulty in train¬ 
ing men in floriculture is due to the fact that during the vacation 
period of our agricultural colleges little is being done in green¬ 
houses. Tliis difficult,^' may he overcome, to a certain extent, by an 
adjustment of our (ioiirses to better meet our educational needs. 
For example, the introdu<*tioii of the third or summer term at Cor¬ 
nell University has, in a measure, solved the problem. The (College 
of Agriculture never closes for a long vacation. As soon as the 
spring term closes, the summer term begins and lasts until the fall 
term opens. Students who are specializing in floriculture are re¬ 
quired to take at least one summer of theoretical work during their 
course, and to spend an equal time before graduation in practical 
work on some up-to-date commercial range. The time thus spent 
is worth more to the student than any amount of laboratory work 
at the college could possibly be. A full year of work before gradua¬ 
tion would, however, be of far more value to students. 

In our floricultural teaching, however, all the emphasis should 
not be laid on commercial phases of the subject. Practically all 
institutions where horticulture is taught, are equipped to give 
strong courses in garden flowers and amateur flower growing. 
There is a constantly increasing demand for work of this nature. 
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and more emphasis should be laid on this valuable branch of the 
work. This <':ourse is especially important in these co-educational 
institutions where subjects in home economics are part of the 
curriculum. | 

To develop strong courses in floriculture, there must be a spirit 
of co-operation among men engaged in teaching. If there could be 
frequent round-table discussions of topics vital to this subject in 
connection with a series of meetings such as this, much good would 
result. Your committee ^velcomes suggestions from men engaged 
in other lines of horticultural work, and especially from those men 
who are giving general courses in liorticuiture. 

WEDNESDAY, DECEMBER 29,1:30 P. M. 

THE EFFECT OF CERTAIN MINERAL FERTILIZERS UPON 
STRENGTH OF WOOD IN THE PEACH TREE. 

By C. a. McCuk, Experiment Station, iXewarlc, Delaware, 

Several years ago the Delaware Experiment Station began a 
long-time exi)eriment w ith peaches with the object in view of learn¬ 
ing, if possible, the effect of (»ertain plant food elements upon the 
physiology of the peatii. The variety used was Elberta and six 
hundred trees were planted, comprising twenty-four blocks of 
twenty-fi\e trees each. Each block has received different plant 
food treatment. The fertilizers used have been contined to nitrate 
of soda, muriate of potash and acid phosphate. Each plot has been 
treated annually with certain definite fertilizers. 

When this orchard was seven years old it was found necessary 
to give it a very severe pruning and many large limbs were removed 
from the trees. The removal of these limbs furnished the op¬ 
portunity to make a preliminary study of the effect of nitrogen, 
potash and phosphoric acid upon the strength of wmod. 

Two of my senior students, Mr. Albert Shaffle and Mr, L. 6. 
Gibney, were assigned the task of securing the necessary data. The 
number of pieces of wood large enough fc»r testing, that it was 
possible to secure from each fertility block, was necessarily limited 
and the results obtained can only be considered as of a preliminary 
nature. The large limbs secured ranged from IV 4 inches to 1% 
inches in diameter. These limbs were cut into 14-inch sections, 
taking only one section from each limb. In this way five sections 
were secured from each fertility block. These sections were care¬ 
fully numbered, air dried for several weeks, and then placed in 
steam drying oveji where they remained for a period of about two 
weeks. Moisture tests were not made. Each stick was then sawed 
so as to form a square cross section. Some pieces squared % inch, 
some % inch, and some 1 inch. Owing to crooks and occasionally 
knots, it was necessary to reject several sticks. The squared pieces 
were then tested for bending and crushing strength upon a 30,000- 
pound Olsen testing machine. The bending was made first 
and the crushing tests were made with blocks 1 inch long cut from 
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the end of the squared i)ieces. The results obtained for both crush¬ 
ing and bending strength were caleiilated to a common basis of 1 
square inch cross section. The average strength of wood for each 
fertility block was tlnm taken. 

The following table gives the number of the block. The fertili¬ 
zer treatment given, the number of test sticks from each block, the 
bending strength and (‘rushing strength obtained on each block and 
the ratio between crushing and bending strength. 

Table 1. 


o 

o 

s 

Treatment per Acre. 

No. of Sticks 
Tested. 

Average Lbs. 
Required 
to Bend. 

Average Lbs. 
Required 
to Crush. i 

Ratio. 

1 

50:#: K,0 *. 

3 

461 

6867 

1 :14.9 

3 

100 # K.O. 

5 

504 

6920 

1:13.7 

4 

50# PA. 

3 

480 

6570 

1:13.5 

6 

100 # PA. 

3 

540 

7060 

1:13 

8 

50# PA 4-50# KjO.1 

3 

445 

5880 

1:13.2 

9 

50# N.1 

3 

540 

6312 

1:11.7 

11 

50# N + 50# K,0. 

5 

545 

6238 

1:11.4 

12 

50# N4-50# PA. 


646 

6872 

1 :10.6 

13 

50# PA 4-100# K,0. 

3 

632 

6732 

1:10.7 

14 

150# N + 50# 1%0, + 50# K,0 

5 

720 

7139 

1: 9.9 

15 

100# N 4- 50# PjO, + 50# Kj,0 

4 

664 

6761 

1 :10.2 

16 

100# N + 50# Kjb. 

5 

587 

6357 

1 :10.8 

17 

100 # N + 50# PA. 

4 

639 

6730 

1:10.4 

19 

50# N + 50# P„0, + 100# KjO 

5 

564 

6519 

1:11.5 

21 

50# N + 100# PjO, + 50# K,0 

3 

617 

6767 

1:11 

22 

50# N + 50# ■+ 150# K;0 

5 

704 

6636 

1: 9.4 

23 

150# N + 50# P,0„ + 50# KjO 

4 

706 

7004 

1: 9.9 

24 

50# N + 150# PlO, + 50# K,0 

1 

678 

6828 

1 :10.1 


Checks No Treatment. 

2 

620 

6738 

1:10.7 


Total.. 

7f' 

m.i' 

■"6665.5 

14115 


* # = Pounds. 

A study of Table I apparently throws but little light upon the 
strengthening or weakening effects of the different treatments. We 
had expected to find that nitrogen would weaken the strength of 
wood yet, we find Block 9, where nothing but nitrogen has ever been 
used, as strong as, or even stronger than, those blocks where potash 
or phosphoric acid alone has been used. Block 23 which has h^n 
hmvily over-fertilized with nitrogen has with but one exception 
given the strongest bending strength and with but two exceptions 
the strongest crushing strength. Potash alone and phosphoric acid 
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alone appear to give a weak bending st]*ength, yet their crashing 
strength is as high as or higher than that where a complete fertili^ 
zer has been used. Phosphoric acid combined with nitrogen gives a 
stronger wood than does i>otash combined with nitrogen, as is shown 
by comparing Block 11 with Block 12, and Block 16 with Block 17. 
The application of any clement alone tends to increase the ratio be¬ 
tween bending and crushing strength at the expense of bending 
strength. A normal supply of all three elements, without starva¬ 
tion or over supply of any one, seems to give the greatest strength 
of wood as is shown in Block 14. 

Table II, III and JV compare the average strength of wood 
in blocks having eai^h (dement in its fertilizer with the average 
strength of those which do not have the element. 

Table TI. 

POTASH. 


With Potash. [ Without Potash. 


Bending 

1 

Crushing j 

! 

Bending 

1 Crushing 


Strength. 

' strength, j 

1 1 

Ratio. 1 

Strength. 

i Strength. 

1 

Ratio. 

600 ]bs. : 

66.50 Ihs. 1 

1 

1 :10.8 

1 

; r>69 lbs. 

1 ... 

1 

1 6537 lbs. 1 

1 

1 

! 1 :11.1 

1 


This gives a bending strength of lU pounds and a crushing 
strength of 113 imuuds in favor of potash. 


Table TII. 

NITROGEN. 


With Nitrogen. 


Without Nitrogen. 

Bending 

Crushing 

! 

1 

Bending 

1 Crushing 


Strength. 

' Strength. 

1 

i 

Ratio. 

! Strength. 

1 

1 Strength. 

1 

Ratio. 

634 lbs. 

6680 lbs. 

1 1:10.5 

1 

1 

1 510 lbs. 

1 

i 

1 6671 lbs. 

1 

1:13 


IMiis table shows a bending stirength of 124 pounds and a 
crushing streng& of 9 pounds in favor of nitrogen. 




116 


TUK SOCIETY FOR llORTICULTUBATj SCIENCE. 


Tabus IV. 


I>HO.SI*IIORIC ACID. 


With Phosphoric Acid. | Without Phosphoric Acid. 


Bending 

1 

Crushing j 

1 1 i 

1 1 Bending | 

Crushing | 

1 

Strength. 

Strength. 

Eatio. ! Strength. 

Strength, j 

1 Eatio. 

618 lbs. 

1 

r 1 

6730 lbs. 

1 1 ! 

1 :10.9 1 527 lbs. 1 

s i 1 

6537 lbs. 

i 

1:12.4 


This table shows a bending strength of 91 pounds and a 
crushing strength of 193 pounds in favor of phosphoric acid. 

Tables V, VI, and VII compare the average strength of wood in 
blocks which have two elements in the fertilizer treatment with the 
average strength of those having neither of the two elements 
applied. 


Table V. 

POTASH AND NITROGEN. 


With Potash and Nitrogen. 

Without Potash and Nitrogen. 

Bending 

Strength. 

Crushing 

Strength. 

Ratio.' 

Bending j 
Strength. 

1 

Crushing 

Strength. 

1 

Eatio. 

566 lbs. 

6298 lbs. 

1 ;11.1 

1 510 lbs. 

1 

6815 lbs. 

1 

1:13.4 

1 


Table V shows a gain in bending strength of 56 pounds per 
square inch by using potash and nitrogen in combination over 
the use of phosphoric acid alone, and a gain in crushing strength 
of 517 pounds per square inch by using phosphoric acid alone 
over the use of potash and nitrogen in combination. 
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Table VI. 

PHOSPHORIC ACID AND NITROGEN. 


With Phosphoric Acid |' 'Without Phosphoric Acid 
and Nitrogen. j _ ^ and Nitrogen._ 


Bending 

Strength. 

Crushing 

Strength. 

1 

Ratio. 1 

Bending | 
Strength. 

L. .J 

1 ! 

Crushing | 
Strength, i 

_i 

I 

1 Ratio. 

643 lbs. 

6801 lbs. 

1 1 

1 1:10.0 

486 Iba. 

1 

6894 lbs. i 

1 1:15.0 

1 


Table sliows a gain in bending strength o£ 157 pounds 
per square inchj and a loss of crushing strength of 93 pounds 
per squarti inch by using a combination of nitrogen and phos¬ 
phoric acid as compared with potash alone. One of the most 
striking iVatnres of all brought out by this table is the great in¬ 
crease in ratio between bending and crushing strength brought 
about by leaving nitrogen and phosphoric acid out of the ferti¬ 
lizer. This would indicate the use of potash alone has a weak¬ 
ening effect upon the bending strength of the peach, making the 
wood brittle. Van Slyke in “Oops and Fertilizers’^ says that 
wdien potash is lacking a brittle wood will result. Table V offers 
a slight support to this statement, but Table VI would indicate 
that a brittle wood will more likely result when phosphoric acid 
and nitrogen are lacking and potash is present in an abundant 
supply. A glance at Block 22 in Table L would seem to indicate 
that very small amounts of nitrogen and phosphoric acid are 
needed to remedy this apparent weakening effect of potash on 
bending strength. If there is no nitrogen or phosphoric acid 
starvation; over-feeding with jiotash will tend to lessen rather 
than increase the ratio between bending and crushing strength 
of wood in the peach. 

Table VII. 

POTASH AND PHOSPHORIC ACID. 


With Potash and Phosphoric j Without Potash and Phosphoric 
Acid, I Acid. 


Bending 

Strength. 

Crushing 

1 Strength. 

1 

Ratio. 

Bending 

Strength. 

* Crushing 
Strength. 

Ratio. 

539 lbs. 

j 6306 lbs. 

1:11.7 

1_ 

580 lbs. 

6575 lbs. 

1:11.3 


A study of Table VII shows that a fertilizer which contains 
only potash and phosphorus gives a bending strength of 41 
pounds per square inch less than one which contains no potash or 
phosphorus and that there is a difference in crushing strength 
of 269 pounds in favor of the fertilizer containing only nitrogen. 
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In this case the (*heek hlo<tks have been figured in witii those 
having been fertilized with neither potash or phosphorie acid. If 
these are oniitted a sliglitly tliifferent result is obtained. With the 
check blocks out there is a differein*e of only one pound in bending 
strengtJi and a difference of only six pounds in crushing strength 
in favor of the nitrogen block. 

A study of Blocks 11, 12, 16 and 17 seems to throw a little light 
upon the effeid of doubling the nitrogen 'fertilizer when used in cun- 
nection with potash or phospliorie acid. When nitrogen and potash 
alone are used, doubling the amount of nitrogen increases the bend¬ 
ing strength by 42 pounds and the erusiiing strength 119 pounds. 
Where nitrogen and phosphorie a<*id alone an^ used, doubling the 
amount of nitrogen (Jrcr(ase,s the bending sti’tmgth by 7 pounds and 
the crushing strength h\ 142 ])ourids. 

Tliere vseems to he some conformation of the results found by 
KisseP in certain grains. Kissel found that phosphoric acid 
strengtheiUHl (^ell walls, lie also says that nitrogen reduced the 
thickness of tiie cell walls. If this should produce a corresponding 
weakening of streiigtli of wood struetures. it is not apparent in our 
work with tlie peach. 

One fact that does s(M^m to stand out in our results is that for 
peach wood the normal ratio ])etweeu bending stnuigtli and crash¬ 
ing strength probably lies somewhere between 1 :10 and 1 rll. 

A detailed study of tin* results of this experiimuit fails to throw 
very mueh light upon the influence of nitrogen, potash, ami phos¬ 
phoric acid in strengtluuiing or weakening wood struetures. The 
number of sticks test(»d was too small to make the results coiiclusive. 
Almost as much variation was found in sti'(‘ngth of sticks from any 
one block as in the averages for tlie diflenmt bkn'ks. While‘ in a 
general way the results are negative tliey stumi to indicate that no 
great stress (*an ))e laid upon fe*rtilizing for streiigth of wood. Tlie 
fertilizer that is so balanced as to giv(* the most healthy growtii will 
produce the strongest wood. The writer b(*li<*ves that even greater 
differences in strength of wood in the peacdi can bt‘ obtained by 
different pruning methods than were obtained by different fertilizer 
treatments. 

SOME PEOUIiIAR FORMS OF WINTER INJURY IN NEW YOItK 
STATE DURING THE WINYER OF 1914-15. 

By W. n. (JiJANDLEH, dornell I'liivcrsifi/, lihava, Nnv York, 

In the spring of 1915 there w’as \>bserved in some of the or¬ 
chards around Ithaca a form of winter injury that was new, at 
least to me. While the normal bloom of peach trees wa« alwit 
May 6 to <*ertam trees of the variety Chili (Hills) in the orchard 
of Mr. T. H. King, of Tnimansburg, were not yet in bloom on 
May 25. The same phenomenon was observed with Carman and 


"'Ber. Oborhess. GeselJ. Nat a Heiik Gressen N, aer, Natani Abt, 1, 1904* 
1906, Also Exiwiiiient Station Record Vol. 19^ page 834. 
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with several other varieties in the orchard of the Department of 
Pomology, New York State (College of Agricultiire. While the 
normal bloom was May 6 to 18, bloom was still coming out after 
May 29. This phenomenon was observed in certain other orchards, 
particularly that of Mr. John Boardman, of Trumansburg. It 
should be mentioned that in New York tlie blooming of peach trees 
and of the other fruit trees varies much less than it does in the 
South, and such a difference in blooming time is remarkable. An 
examination of these blooms showed that there had been wdnter 
injury to the pith of the bud and even to the pith of the twig at the 
base of the hud. There was also some slight injim^ to the xylem, 
and some to the cortex, but very little. This phenomenon of late 
starting was observed also witli leaf buds, the differences being 
about the same as those for fruit buds and the same Injury was to 
be observed. Trees showing this injury were w'atched through the 
summer of 1915. A normal crop of fruit was set and it ripened, 
gen(*rally, at the same time as the finiit of the trees that did not 
show the injury. Generally, by the middle of.the summer no differ¬ 
ence was to be observed between the growth on injured trees and 
thoKt^ that had started normally, except that the leaves looked 
younger and in some* cases the growth continued a little later. A 
few trees showed a reduced vitality throughout the season, and the 
fruit did not ripen normally. 

In this coniKHftion, it should be said that, usually, wdien peach 
buds art‘ (jxposed to low temperature the first tissues to be killed 
are the flower parts in the bud. If the temperature goes still 
lower, tlu* pith of the bud ma}^ be killed and the pith of the twig 
at the !)ase of the buds much as that observed above. These last 
tissues, then, while tender are normally more hardy than the flower 
parts of the hud. The only explanation of this exception that could 
be found was in the nature of the summer of 1914 and the time of 
the frt>ezc. 

During the summer of 1914. the rainfall for Ithaca w^as: For 
May, 0.20 inches above normal (this rainfall, however, was in the 
early half of the mojith); for June it was 0.87 inches above normal: 
for July it was 1.86 inches Iwdow normal; and for August it was 
2.86 inches above normal. Tii other words, the growing conditions 
were not very favorable until in August, when the rainfall was 
great. There was a rather marked tendency for late growth which 
was encouraged by the trees having practically no crop during that 
summer. The only marked temperature of the winter w’^as on 
December 26, when the temperature fell to 9 degrees below zero F* 
I have observed in freezing tissues of trees in a number of yeairs 
that the flower parts of the bud reached maturity somewhat more 
rapidly than other tissues of the twigs. The explanation of this 
killing, then, seems to be lack of maturity. 

In the same year, in the orchard of Mr. E. E. Morrell 
Kinderhook, pear trees showed the same late starting. Injury in 
this orchard was more serious, however, and many trees were so 
injured that there was no recovery. An examination of the tiasne 
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of the trees showed much the same injury as that in tlie peach trees, 
though all gradations of injury were to be found. In the case 
of some only the pith of tlie bud and some cortex and xylem showed 
injury while in the case of the others there was injury throughout 
the spurs and in still otliers the injury covered the whole twig or 
large portions of the tree. Where the injury did not cover all of the 
spur the trees showed some recovery, but in no case was it as 
marked as in tlie case of the peach trees. AVeather <*onditioiis dur¬ 
ing the previous suniiiier tend still furtliei* toward explaining this 
injury. The orchard was in a very sandy soil that is not retentive 
of moisture and it was jiot cultivated. The precipitation records 
for Albany, the nearest station to Kinderhook, were as follows: In 
May, 0.68 inches less than normal; in June, 2.17 inches less than 
normal; in July, 1.65 inches less than normal: and in August, 1.34 
inches above normal. Tn other words, during the early part of the 
season moisture <»onditions were very iinfavorabh* for growth. 
These conditions were made worse by lack of (*ultivation and by the 
unretentative nature of the soil. Then, in late July and August, 
moisture conditions amu'c very favorable Cor growth. It is evident 
that a new activity began late mnl that the weak trees were not in 
a normal condition of maturity when the early winter freezes came. 
Orchards where the cultivation was done v(‘ry late showed some¬ 
thing of the same injury. In an old a])ple orchard belonging to a 
Mr, Mitchell at Kinderliook, many of the trees showtui crown rot 
following this winter of 1914-15, though the temperature had not 
been very low. This, also, seems to be explained by the unfavor¬ 
able growth conditions early in the seasori and the xvet August, re¬ 
sulting in late cambium growth. In the case of old trees this region 
around the base of flu* trees is the last to become resistant. It seems 
highly possible that if these orchards had been so treated as to 
insure good growth earl;\' in the season, they would have lu'en more 
nearly in a normal condition of maturity when winter began than 
they were with tlie very unfavorable growth conditions early in 
the season. 

Any one going from one of the central states, like Missouri, intn 
New York will be imiiressed with the importance of maturity in 
avoiding winter injury. In studying tlie question of winter injury 
for ten years in Missouri, 1 have never observed a year when even 
with young peach trees maturity was a very important factor. The 
growing seasons are long enough so that the trees generally mature 
%vell. However, in New York, the growing season being much 
shorter, the degree of maturity seems to be the most important fac¬ 
tor in determining the amount of winter injury. Not uncommonly 
do we have pear spurs sent in to us where the thick portion is 
killed by the winter while the normal twigs show no injury. It 
seems certain, then, that this thickening process has taken place 
late in the season and the tissue has not reached suflS(jient maturity 
before severe freezing has occurred. 

In attempting to grow pecans at Ithaca, we planted a number 
of varieties in the spring of 1914. These did not start growth until 
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late and practically every tree was killed by freezing before October 
31, when the lowest temperature recorded was 26®P., though it is 
probable that the temperature in this orchard had been somewhat 
lower. Those that were not killed by October 31, were killed a 
few days later by a temperature of 23 "P. Yet, young trees of the 
same varieties purchased from an Indiana nursery and planted in 
the fall of 1914 came through the winter in excellent condition. 
On account of fall planting these trees made an early start in the 
spring of 191.5 and have so far gone through all freezes without in¬ 
jury though the temperature went to 2 h\ on December 12. 

SOBiE RESULTS IN THE BREEDING OF SMALL FRUITS. 

By R. D. Anthony, Ej ptriment Station, (icncva, Now York. 

Ill lfn3 Mr. Richard Wellington presented before this Society 
a preliminary report of some raspberry breeding which was begun 
in 1910 at the Experiment Station at Oeneva, New York. Certain 
phases of this \sork have now reu<*1u‘d a stagd when another report 
seems justifiable. The writer also wishes to disemss some results 
whieh liave lieen secured in a study (»f sex in strawberries. 

Pnii’UE RAsmucimiKS. 

The popularity of tbo purple rasplunTit^s lias been iaci^easing 
rapidly during the last tt‘ij years and in some regions they have 
largely surplanted the blackeaps. This has been due to their heavy 
production and their nearly (‘omplete immunity to the anthracnose 
whieh has been destroying the blacki'aps When we consider that 
but two varieties. Columhian and Shaffer, are responsible for this 
developmejit and that these arc but chance seedlings, we realize 
what an opportunity there is here for tlu' fruit breeder. It is for 
this reason that the Experiment Station at rieneva has devoted con¬ 
siderable attention to this problem 

The first series of seedlings, wbi<*h fruited in 191.3, and which 
Wellington discussed in his report, imduded over fifty pure seed¬ 
lings of Columbian and three linndred hybrids of the blackcap and 
the red raspberry'. Since then over seven hundred hybrids have 
been fruited. A further stinly of tbest^ seedlings again leaves no 
doubt of the hybrid origin of the purple raspberry. 

The pure Columbian seedlings have presented some interesting 
problems in their failure to break up in the Fo generation as much 
as would be expected, most of the eharaeters still showing inter¬ 
mediate types with very few cases where they approach at all 
closely to the parents. Recent correspondence with a private fruit 
breeder has led the writer to suspect that Shaffer will be found to 
possess a quite different gametic composition from Columbian and 
this suggests the advisability of selfing other purples. 

In the crossed seedlings, June, a station seedling red raspberry, 
has been used as the male and two different blackcaps, Cumberland 
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and Smith No. 1, have been used as females. Practically every 
crossed seedling shows dear evidence of its hybrid origin. The 
Smith No. 1 seedlings wert^ all puiple though the color showed 
varying degrees of intensity but among the 289 Cumberland seed* 
lings there were nine yellows whhdi were intermediates in their 
bush type, and one yellow which miglit readily have been classed 
as a blackcap bush. None of the seedlings of either cross gave any 
indication of propagating by suckers. 

An unusually large proportion of these cn)ssed seedlings was 
very promising. The bushes were more vigorous than either parent 
and bore a heavy erop of large, tirm fniit, soinew'liat later than the 
parents. Some were rather unattractive because of their dark color 
and dull look, caused by a thick piibeseenee, but many w’ere a rich, 
glossy purple. 

In the raspberry breeding, as in the grape breeding which the 
writer discussed last year, the value oL‘ a proper selection of parents 
is showing dearly. Of tlie hybrid seedlings from (\im)>erland as a 
mother, 12 per <*ent were saved as worthy of a second test. As 
breeding work goes, this was a high proportion, but it looks small 
when compared with 24 per cent whi(*b is the propoilion of the 
Smith No. 1 seedlings savid. Although tliese two blaeke.aps ripen 
in nearly the same season, the Cumberland seedlings were at>out one 
week later. 

For those wishing to breed purple raspberries, the best mode of 
procedure would seem to be to eross the most desirable reds and 
blacks rather than to attempt intor-erossing among the purples or 
to grow pure seedlings of any purple sorts. For sueh persons the 
chances of reward are excellent and, as results can be secured in 
from three to four years—a comparatively short tinu^ for the fruit 
breeder—this offers an attractive field. 

1)W’\RF TvJ^ES L\ RASimKUHIES. 

Among the hybrid raspberries wiiieh fruited last summer and 
wiiic^h are discussed al)ov(^ some interesting dwarfs wen* noted. 
These were all found among the progeny of Cuml)erland, the Smith 
No. 1 seedlings all being standard plants. 

These dwarf plants were very easily flistniguisluHi from tin* nor¬ 
mal ones even when normal plants laektnl vigor and made a low 
growth. Then* were nearly as mkiiy nodes on the dwarf canes as 
on tin* Jiormal ones, but the internodes of the former were much 
shorter, sometimes not even a quarter of an inch long. Many of 
the leaves wH^re very small but a few were nearly normal. The 
attachment of the petiole was very brittle and the leaves snapped 
off easily. The canes were thickly covered with soft spines while 
most of the standards hiul but few, stiff spines. Those dwarfs 
whi<ii wen* the most vigorous made a thick, bushy gmwth some¬ 
what like the red raspbeny yet they could not be said to form 
suckers. Many dwarfs were under a foot in height and the tallest 
were hardly two feet. 
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Id the entire population there were forty-six dwarfs and one 
hundred seveiity-eig:ht standards. The dwarfing was accompanied 
by lack of vigor in most plants so that there was a higher percent¬ 
age of mortality here than with the normal plants. Taking this 
into consideration, we see that this is reasonably close to a one-to- 
three ratio. Selfed seedlings of Cumberland have never been grown 
here, but several years ago a number of June seedlings was 
planted. An unusually dry summer destroyed the majority of them 
so that notes were not taken of individual plants and all not show¬ 
ing vigor were discarded. In this way no note was made of any 
dwarfs though the,v may have been present in considerable num¬ 
bers. Pure seeds of June are now in the stratifying bed for next 
year's planting. 

The factor for dwarfing is evidently one of rather rare occur¬ 
rence as this is the first time it has been noti(*ed among the station 
seedlings. 

A rouRKi;\TioN IX Li:\k and Fruit (V>U)r Among Kaspberries. 

()v<‘r a lnimln*d red rasplierry varieties and seedlings fruited 
on tlie station grounvis in Ifllil. In examining these it was found 
that on all plants the terminal leaves on the young canes had the 
upper surface more or h*ss tinged with red. On some this tinging 
would extt*nd down the canc for thnu* or four leaves wliile on others 
only the first leaf would he colored. Tiie gland-like tip of the leaf 
.serrations on these young, expanding leaves, was red or tinged with 
red as wtTc also the tips of Ihc leaf serrations on the older leaves 
farther down the cane. 

Yellow raspberries have originated on the station grounds in 
two ways; from crosses of re<l sorts and from crosses of the black¬ 
cap and nnl rasiiberry. la either case, the opening leaves on the 
young shoots Jack this rt'ddisli tinge noti(*cahle on the red ra.sp- 
berry and the glandular tips of the serrations of both the younger 
and oldrn* heaves arc a light, greenisli ycllow. 

Among the hybrid ymrples the.se leaf marks are not as clearly 
distinguishable. In som(* of these the young leaves lacked the red¬ 
dish tinge on the upjier surface though in some it \xm nearly as 
marked as in the red raspberries. All the purples which were ex¬ 
amined. howewer. did have the gJamlular tips of the serrations of 
these young leaves tinged red although on some only the serrations 
nearest the apex showed this. The purples also showed a greater 
tendency for these markings to vary on different canes on the same 
plant. On the older leaves of all the purples the gland-like tip of 
the serrations was rt*d and this was the most easily determined char¬ 
acter to separate the yellows and the purples. 

It would seem from the above that it is tmtirely xiossible to tell 
all yellow raspberry plants from either the red or the purple sorts 
by a study of leaf coloration. Although this point has not bemi 
as carefully studied, it wmuUl also aiipear that, during the dormant 
period, the bark of the younger canes of the yellows is entirely lack¬ 
ing ill any tinge of red or purple. Some purple raspberry bushes 
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can be distinguished £roui red raspberries by the lesser amount of 
coloring on the upper surface of the young leaves, but many have 
practically the same amount as the red raspberry, 

Inueuitance of Sex in Strawberries. 


Strawberry blossoms may be divided into two kinds: Perfect 
blossoms ill which both stamens and pistils function normally, and 
imperfect in which the stamens are either absent or abortive. Un¬ 
fortunately these two forms are not always sharply differentiated. 
Occasionally im])erfect blossoms appear on perfect plants and vary¬ 
ing degrees of perfcidness are shown by different varieties and by 
the same variety under different conditions. 

Over ten thousand station seedling strawberries have been sepa¬ 
rated into these two classes. From these it is seen that when im¬ 
perfect blossoms are pollinated by perfect blossoms the progeny are 
perfect and imperfect in the ratio of one to one. 

Imperfect (I) x Perfect (P) = 2177 P + 2218 T 
When perfect blossoms are emasculated and then pollinated 
from other perfect varieties, the usual results are as follows; 
Perfect x Perfect -- 1199 P + 0 1 
At least two crosses, however, have failed to follow the usual 
order. Prolific crossed with St. Joseph gave one imperfect out of 
103 plants and crossed with Oovernor f’ort gave throe out of 161 
plants. 

When perfect blossoms are fertilized with their own pollen, in 
about half the cases the results arc all perfect plants but in the re¬ 
maining cases imperfect plants also appear in proportions ranging 
from nearly two perfects to one imperfect to as low as seventy per¬ 
fects to one imperfect. The total of all sol fed seedlings is: 

Perfect (selfed ) -- 3449 P + 461 I 
Eliminating ail eases that have produced imperfects that are at 
all doubtful or where the number of plants involved is too small to 
be of value, the following populations remain: 

Marshall selfed. 705 P 10 I 


Prolific (Sample X Marshall) selfed. 1443 P 391 T 

Quality (Hunn x Atlantic) . 72 P 43 I 


A possible explanation of these results lies along the following 
lines ; 


Pollen <59 * 

OvuIfiS= 3 3 1 plants 

Ovules = 9 ? 1 mperfect plants 

PXP=5 SXS 9 — 25 5 + 25 9 


Since we have no pure males in strawberries it would be neces¬ 
sary to assume that 5 5 does not produce a zygote, then: 

PXP — 25 9=“2 Perfects 
IXP — 9 9X« S“=25 9 + 29 9 
= 2 perfects and 2 imperfects. 
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To explain the abnormal cases it is necessary to assume the fol¬ 
lowing change in the ovules of certain perfect plants: 

Ovules” X I ^ + y $ I Abnormal perfects. 

The letters x and y arc used because the tendency to abnormality 
seems to be present in varying degrees. 

P. selfed (x 5 6 -t y 6 9 ) X 6 9 

(2 X -+- y 1 ^ ^ + (2 X + 2 y) <5 $ + y $ 9 
2 (x -f y; perfects + y imperfects. 

Tliis would give a higher proportion of perfects than imper¬ 
fect s, an ex]>eetation which so far has been realized in all cases. 
It is interesting to note that the only cases where perfects pollinated 
by other perfects bav(» given impc^rfects, have occurred when Pro¬ 
lific (oiu^ of the varieties ]>ro<bu*ing imperfe<d,s as well as perfects 
when soiled) was used as a female. 

FRAGARIA VIROINrANA IN THIS EVOLUTION OF THE GARDEN 
STRAWBERRY OF NORTH AMERICA. 

Pv S. \V. PhiF/rciiKK, Fisfursville, Va. 

lu IH94 Dr. L. JI. Bailey presented evidence which seemed to 
indicate that tin* ganlen strawberry of North America is a pure 
form of Fragaria ( hiloetms and is not of the blood of F. virginiana, 
even in part, as bad been supposed hitherto. This conclusion found 
wide atMMfptamu*; in recent years F. virginiana has been considered 
a rather negligib)(‘ fm^tor in tin* evoliitiou of the North American 
strawberry. A recmit bulh*tin stales, “This species has given but 
few varieties, and they have soon dropped fi’om cultivation.’* 
From the t^vidence that I have gathered cpiite opposite conclusions 
may be drawn—that varieti(*s of the Virginian species have been an 
important facdor in the rise of commercial strawberry growing in 
North Americ'a: ami that the garden strawberry of today is of the 
lineage of F, rirgimafut fully as mucb as of F. cMlocnm, 

Bkcjord of Pfke F. Vircunuka T'Ndeu Oultivation in 
Nokth aXmfkica. 

The Virginia or ^Scarlet strawberry was the only kind known in 
early colonial days. The ITautbois, Alpine, Wood and Chilean were 
not introduced until about 1750; and the Pine, from which moat of 
the European varieties of today have descended, was introduced 
about 1790. With the exception of the Wood, none of these were 
grown here, save in the gardens of a few amateurs who could afford 
to pet them. The Red Wood was valued by market gardeners near 
Boston between 1820 and 1850. 
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Beginnings of Commercial Culture: Commercial strawberry 
culture began in North America soon after 1800, mainly in the 
vicinity of the four largest towns of that period, Boston, New 
York, Philadelphia and Baltimore. About that time several 
nurseries began to disseiiiinate improved varieties of the Scar» 
let, notably Earlys Hudson. TludsoiCs Bay, Methven Scarlet, 
and Large Early Si^arlot. The latter variety and Red Wood domi¬ 
nated the Boston market until the introduetioji of the Hovey. in 
1888. Between 1820 and 1840 the New York market Mas supplied 
chiefly with Oimson Cone or S<‘arlet Runner, a variety of the Scar¬ 
let, raised mainly near Ilaekensaek, New Jersey. Anne Arundel 
county, Maryland, began to grow strawbeiTies for l^altimore and 
Philadelphia about 18ir>; the varieties M'<*re Hart, Large Early 
Scarlet and Stewart, all varieties of tlie S(*ariet. 

Following the production of Keen's St'edling, in ISIO. a large 
number of varieties of the l^ine, mostly des('einlants of this variety, 
M’ere introduced lien^. None aehieved prominence save tlu‘ MuL 
berr.v, which was largely grown near Boston about 188o. At the 
close of this period, with the introduetiou of the Hovey in 1888. 
such small beginnings in (commercial straw berry (Uilture as had been 
made were almost wiioll^^ with vari(‘ti(‘s of F. i^irginiana. 

Bersi.sfence of Variriits of flu Searlef: The Hovey proved 
decidedly disappointing as a (‘ommenial sort, although valued high¬ 
ly for home use. It re(iuired high (oiltun*, was not hardy, did 
not make enough plants and, bei/ig a pistillate, was very uncer¬ 
tain in pollination. The Hovey' did not displa(*(' Large Earl.v 
Scarlet, Hudson’s Ba,v, Early' Hudson. Oimson (kuie and other 
varieties of the Scarlet in commercial (uiltun^ Aft<^r 1848 it w'as 
rarely quoted in any market except Boston. 

During the sixteen .v(‘a,rs betweem the introduction of the Hove.v 
and the introduction of the Wilson, there was a considi'rabh^ exten¬ 
sion of the eornmerc'ial strawberry' industry', (‘speciall.v iu th(‘ terri¬ 
tory tributary' to dminnati. New York and ]ialtim(»n*. Betw'tHui 
1846 and 1849 (ineinnati was tlic premier straw'berry market of the 
world. This was paiily' because the growers there, under tin* vigor¬ 
ous leadership of Nieliolas Lougworth. began to mix staminate and 
X)istillate varieties several yeai’S before the grow'er.s elswnvhere could 
be convinced that this was necessary'. According to diaries (8st, 
6,500 bushels wen» marketed in (ineinnati in 1847, netting tiie 
growers about six cents per quart, fn 1850 there were 200 acres of 
strawberries in Anne Arundel county, Maryland. The total quan¬ 
tity of eultivated strawberries marketed in 1854, when the Wilson 
was introduced, did not exc(»ed 40,(XM) bushels; the total area under 
(mltivation was less than 1400 ac^res. Excluding the wild lH^i*ries, 
which were brought to market in large quantities, it is probable that 
over ninety-five per cent of the strawberries marketed before 1858, 
when the Wilson rushed to the front, were pure varieties of 
F, Virginia na. 

The introduction of tlie Wilson marked the beginning of modern 
commercial strawberry culture. The rapidity with which the Wil- 
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mn TOpplmited other sorts was remarkable, espeeialiy since the 
originator nmde no effort to exploit it, as had the originator of the 
Hovey, In 1858, four years after it was introduced, tte Wilson vied 
with Large Early ScarJet and (Mmson ('one for first choice in a 
vote for “the best market variety” taken at a meeting of the Fruit 
(Growers’ Association of Western New York. In the same year the 
American I^omologi(‘al Society added it to the list of varieties recom¬ 
mended for general cultivation. By 1861 it had largely superseded 
all other sorts for commer^/ial planting except the Large Early 
Scarlet. Tliis notabh‘ variety retained prominence in western New 
York until 1864, and was a lemling commercial variety at Dighton, 
Massa<diusi‘tts until 1865, under the name of “Old A^irginia.” It 
passed out. of cultivation in North America about 1875, having been 
the dominant variety for seventy-five^ years. It is still grown com¬ 
mercially in Knglainl and Scotland for making jam. 

Since the passing of Largt* Early Searlf‘t no varieties known to 
be pure F. vinjiniana have been grown largely except Cutter’s Seed¬ 
ling and Crystal City. The former, introdin^ed in 1859, was 
grown eonsiiierably in New England from 1862 to 1875. William H. 
Hill assun^s us that it was pure F, Virginia na. Crystal City, or 
A<one. introduced in 1876, was a popular extra early sort, especially 
for home us**, until about 18fl2. This variety was very similar to 
Large Early Scarlet, 

Sev(*ral sorts intnxluced more recently have b<‘(‘n supposed to be 
F. virginiana. Among these are August Luther, Michel and Won¬ 
der (of Sluink». Tin* surmise as to Bieir botany is not capable of 
proof, but they bear so much reseniblanee to the Searlet that it seems 
prohal)le they ai‘e of the lilmnl of that species in some degree. In 
1908 a variety known as Earliest was listed as **an improved variety 
of tin* Iowa wild strawberry .’* The prairie form of F, virginiana 
has befuj nnich more produ(*tive of improved sorts than the eastern 
form; it is larger, mon‘ variable, anti rt^]>omis more tpiickly to 
cultivation. 

Tills re<*ord of F, virginiana under t*ultivation iu North Amei*iea 
should be sufficituit to (*lear the spt*eies of the (*harge that it has been 
but a negligible fatdor. Whether it tuiters into the lineage of mod¬ 
ern varietit*s or not, it has contributed largely to the uplmilding 
of the strawberry' industry. For over a emitur,v varieties of the 
Searlet hebl almost undisputed control of the strawberry market of 
North x\inerica, limited though it was. 


IlrSToHHVM. KviDENCf: ON THE OrUUN OF THE OaRDEN STRAWBERRY. 

Turning now to the nion* 8pe<»ulative phase of tlie subject—the 
botanical origin of the varieties of today—it must he keenly re¬ 
gretted that the parentage of the four varieties from which most 
modern mrin have sprung is so obs<mre. These stem varieties are 
the Hovey, Wilson, Sharpless and Oeseent. 1 have Wn able to 
obtain m*ord» of lH5;i varieties which have originated in North 
America. Of thest» the parents of only 348 are knowi definitely. 
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Sixty-thre^e are deseendeuts of (descent, sixty-nine of Sharpless, 
forty-eight of Wilson, and fifty-one of Hovey. Approximately two- 
thirds of the varieties of known parentage have come from the great 
four. It is a misfortune that the parents of none of the four are 
known with certainty, hence the subject must always be one for 
speculation rather than for conclusive proof. 

Ori(jin of the IJooey: When C. M. Hovey produced his famous 
seedling he made the following six crosses by hand : 

1. Methven Scarlet x Keen’s Seedling. 

2. Methven Scarlet x Melon. 

3. Mulberry x Keen^s Seedling. 

4. Melon x Keen's Seedling. 

o. Southborough x J^roJific Hautbois. 

6. Grove End Scarlet x Keen 's Sct‘dliug. 

All were varieties of European origin; Methven S(‘arlet, South- 
borough and Grove End Scarlet, were varieties of F. virginiana, 
while Keen’s Seedling, l\Iul))erry and Melon were Pines. Like many 
another plant breeder since, Hovey was so unfortunate as to lose 
his labels, so that he never knew positively which cross produced the 
Hovey. The loss of labels was a far greater misfortune than he 
could have imagined at that time. In 1840 he asserted,*^ “We can, 
how^ever, state that the variety originated from one of the first four 
ci'osses and in all probability from No. 1 or No. 4; and we have al¬ 
ways thought from the latter.” Both of the parents of Ch*oss 
No. 4 were Pines. It is this statement upon whi(‘h the coii(‘lusion 
that the Hovey was a Pine has l>een largely based. It seems to 
have been overlooked that five years later, perhaps after more care¬ 
ful consideration. Hovey stated:! *‘Our seedliiig we have sup¬ 
posed was from Methven Bearlet impregnated with Keen’s Seed¬ 
ling.” We are justified, therefore, in concluding that it is at least 
equally probable that the Hovey originated from Oj'oss No. 1, in 
which case one parent was a variety*of F. virginiana, as from Cross 
No. 4, in which both })arents were Pines. 

Most Af the early North American horticulturists believed that 
the Hovey and subsequent varieties wen* of mixed blood. In the 
first edition of his Small Fruit Oultnrist, published in 1867, A. S. 
Puller gives a list of ^‘Varieties of F, grandiflora and E. vir- 
giniana/^ He says, ‘‘Some show the characteristies of one species, 
some of the other; while with a few it would be difficult to tell to 
which they are related and it is very probable that they are a mix¬ 
ture of both.” In 1887 f’uller stated. There was no real, sub¬ 
stantial improvement in strawberry culture in this country ixntil 
we began to employ the wild varieties as a foundation.” In 1879 
J. L. Budd said, “In leaf, growth of root and vigor, the Hovey was 
about a full blooded native, but its fruit was transformed in sisse 
and sweetness by pollinizing with the South American species, 
JP. grmdiflora, a species perfectly worthless in its pure form for 


^ Msiff. Hort., 1840, p. 293. 
t Ma#?. Port., lH4r>. p. 292. 
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CHlture in this country on account of its delicate habit. Following 
the Hovey came in succession the treasures which are now found 
in our gar<lens. In every (*ase the truly valuable varieties are those 
with the leaf, low crowns, and deep-extending, wiry roots of our 
native spe{!i<^s, modified in fruit by the South American species.’^ 
This view wm held by (Charles Downing, E. F. Roe, W. H. Hill, 
R. Q, Pardee, and other early authorities on the strawberry. 

Evidently C'haries Darwin was of the same opinion. He said, 
'*As the Ameri(ian strawberries cross so freely and spontaneously 
we can hardly doubt that they will ultimately }>ecome inextricably 
confused. We hud, indeed, that horticulturists at present disagree 
under whicli (dass to rank some few of these varieties; and a writer 
ill tile Ron dardiner of 1840 remarks that formerly it was quite pos¬ 
sible to tdass all of them under some one species, but that now this is 
quite* irayiossible with tlie Ameri<*an forms, the new English varieties 
having completely filled up tlie gaps between them.'^ 

Whaf Was fJu Pinr Siratrb( rrfff If, however, we assume that 
both parents of the Hovey were Pines the problem is even far¬ 
ther from solution. What was the Pine strawberry? Recent 
investigators have* dissented from the conclusion of Bailey that 
it was pure F. (^hilof^nsis. In .1014 (\ W. Richardson, an Eng¬ 
lish plant breeder, expressed this opinion:* '‘Something of 
the origin of the modern garden strawberry is known, but 
its whole history is not. It springs from an old form of gar¬ 
den strawberry, the result of <*rosseH between vesea, Alpine, 
and Ilautbois. 'Phis older form was again crossed with F. virgnii- 
ana introduced in 1629, and with F, rhiloensis, introduced in Mar¬ 
seilles in 1712 and to England in 1727 by Philip Miller. These 
crosses were again crossed with F. ananassn (F. (jrandiftora), in¬ 
troduced from Holland during the eighteenth century. The origin 
of this plant is unknown. It was said to have been brought from 
Surinam, where today there are said to be no strawberries. It is 
also said to have been a variety of the Virginian brought from Caro¬ 
lina. It may be a chinensis cross, as Holland received many plants 
from China during the* eighttienth century. Whatever its origin, all 
our best garden varieties of today are descended from F, ananassa 
crosses. I have selfed eight varieties of garden fruit, producing 
over 1000 plants. Not one resembles a resca or an Alpine, but many 
show distinct tra<»es of chiloends, more of virginiana and not a few 
of chineMsuJ^ 

E. A. Bunyard, another English student of Fragaria, l>elieves 
that the original Pine was a seedling of F. cMloemis but adds;* 
*‘To Thomas Andrew Knight and Michael Keen must be given the 
honor of laying the foundation of the strawberr^’^ of the present 
day. The two most important species had existed for some time in 
English gardens and it was to the crossing of early descendants of 
F. virginiana and F. chiloensis that this success was due/* And 
again, ‘^The introduction of the Chilean strawberry, F chiloenm. 


^ Jour, deneties, 8 (1014) p. 173, 
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brought, however, the required size into combination with the 
flavor of the Virginian and thus laid the foundation of the fruit 
as we know it today. ’ ’ 

In 1907, the Count of Soims-Laubach, a German authority, made 
an extended study of the botany, classification and development of 
the strawberry. He concluded,} that the Pine developed in Europe 
as a result of hybridization betw’^een F, chilocnsis and F. virgmiuna. 

Thus there seems to be reasonable ground for believing that the 
Hovey contained F, virginiana blood; first, because one of its 
pai*ents certainly was a Pine, and the Pines, in the opinion of recent 
investigators, were the result of a F, chiloensis x F. virglntana cross; 
second, because even if the Pine strawberry was pure* F. chihensu 
the probabilities are at least equal that tlie other parent of the 
Hovey was a variety of F, uirginiana. The original Pine straw¬ 
berry is still seen occasionally in English gardens and conserva¬ 
tories. We have a reminiscence of this interesting plant in the 
Pineapple, a North American variety introduced in 1902. 

Dcscendenfs of the Hovey: The seed of the Hovey was scattered 
over the land, and became, in a large measure*, the foundation stock 
of the modern strawberry. Of the fifty-one varieties known to have 
descended from the Hovey, there are now in cultivation; Aroma, 
Bountiful, Brownie, Gliarles Newman, Clyde, Cyclone, Daisy (of 
Zane), Fran(*cs Cleveland, Marie, Monarcli, (>zark, Robbie, ^ose- 
velt (of Catheoit), Slieppar<l. Shusler. Sons and AVooster. Practi¬ 
cally all of these* came down through two noted varieties, Green Pro¬ 
lific and Cumberland Triumph. A number, as Clyde, Ozark and 
Sons, arc four generations remov<*d from the Hovey; Roosevelt (of 
Catheoit) is five, as follows: 





( Hoveg^ 



( Green Prolific 




I Cumberland T. .j x 

[ Goliath 


1 Clyde-Cyclone • 

1 X [ Jucunda 


Roosevelt 

j X 

Crescent 


'(of Catheoit) 

( Waraeld 




JVIonarch, which originated in 1867, is but two generations from 
the Hovey; it is still grown in California and Colorado. The Hovey 
was also one of the probable parents of the Longworth, which 
originated in 1848 and is still a commercial variety in California, 
being the oldest North American variety in cultivation. Another 
probable parent of the Longworth was Taylor’s Seedling, a variety 
of F. illwonim, the prairie form of F. virginiamu 

Descendenis of the Wilson: The pareata of the three other 
varieti(*s that have entered most largely into the lineage of 
modem North American sorts are equally in doubt. In 1851 
James Wilson, a Scotch gardener who had a small nursery busi¬ 
ness near Albany, New A^ork, sowed seeds of the Hovey. Black 


* Jour. Royal Hort. Soe., Vol. .*19, pt. 3 (1913) pp. 541-559. 
+ Bot. Ztg. 1. Abt. 65 (1907) No. 3-4, pp, 1-76. 
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Prince, and Ross Phoenix. Both of the latter were Pines, 
Black Prince being a seedling of Keen’s Imperial and a direct 
descendent of the original Pineapple strawberry, while Boss 
Phoenix was a seedling of Keen’s Seedling. These seeds were the 
result of natural pollination, not of hand crossing. James Wilson 
was always confident that his famous seedling was Hovey x Black 
Pninte, according to a statement made after his death by his son, 
John Wilson, and this opinion was shared by his contemporaries. 
‘'The ^Vilson is probably a seedling of the Ilovey,” asserted A. S. 
Fuller, in 1867. This surmise, however, was based simply upon the 
appearance and behavior of the Wilson and its seedlings, not upon 
authentic records. It must be admitted that the Wilson and its 
seedlings resemble F, virginiana more closely than the Hovey. 

li* we assume that the Hovey was one of the parents of the 
Wilson, then the forty-eight varieties that are known to have de¬ 
scended from the Wilson are of the same lineage. Of these the fol¬ 
lowing ar(‘ in <*ultiva1ion today: Bisei, Oharles Newman, Cobden, 
Early Harvest, Early Hathaway, Excelsior (of IIuba<»h), Hubach 
and Hatliaway, Jim Dumas, Maud Muller. Ozark, and Satisfaction. 

of Uu HharpltHs: The Sharplcss was origi¬ 
nated ill 1872 by J. K. Sharplcss, t'atawissa, Pennsylvania, from 
liand sown mixed seed of ffiicunda. ("’harles Downing, Wilson 
and ('Ol. Oheney. The originator always lielieved that it was 
a seedling of tlie Charles Downing, but this must remain a 
matter loi* speculation. The ('Charles Downing was a seedling 
of Downer's Proliti(*, which was bred from the native straw*- 
IxTiy <d‘ Iowa. If we assnnu' that the surmise of Mr, Sharpless was 
well founded, then the sixty-nine varieties kmnvn to have descended 
from his seedling are of l\ virginiami blood, in part. Of these, 
tln‘ following are grown toilay: Barton. Berlin (of Schild), Bus¬ 
ter. Carrh?, ('^arric Silvers. Columbia (of Wild), Elma, Enhance, 
Fisher, Olastonbury. Haverlarnl, Helen Could, Heritage, Howard 
(of Black /, Hubach, Hathaway, Jessie, Jim Dumas, Joe, July, Lady 
Jane. Liinlenwald, Luxury, Maiiokin, Marconi, Midnight, Mrs. 
Fisher, Nettie, Nicaragua, Nimdy-six, Oom Paul, Oregon, Paul 
Jones, Porto Rico, Quality (of the N. Y. Exp. Sta.), Rose Etters- 
burg, St. Ijouis (of Bauer), Sparta, Stella. Tennessee (of Hodges). 
Velvet. Virginia, Warren (of Thompson), Williams (of Ontario). 

Descendents of the Crescent: The Crescent was a chance 
seedling found by William Parmalee, of New Havem Connec¬ 
ticut. in 1870. k has been supposed by many tn be a pure 
seedling of F. virginiana^ and it certainly shows mmxy of the 
characters of that ^lecies, both in plant and fruit; but this 
is mere conjecture. Sixty-three varieties have descended from 
it. a number of which inherit SharplesBS blood also through the 
Haveriand, a Sharpless-Crescjent cross. Port>^-six of these are in 
cultivation now, as follows: Berlin (of Schild), Bismark, Bounti¬ 
ful Bradley, Carrie, Carrie Silvers. Clyde. Columbia (of Wild), 
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Cyclone, Daisy (of Zane), De Wet, Enormous, Glastonbury, Harn, 
Haveiland, Hawaii, fFohnson, July, Kevitt, Lady Jane, Louis 
Hubaeh, Luxury, Manokin, Mele, Midnight, Nicaragua, Olive, 
Parker Earle, Paul Jones, Porto Rieo, Red Prolific, Ridgeway, Rob¬ 
bie, Robinson, Roosevelt (of Cathcoit), St. Louis (of Bauer), 
Shuster, Stone. Tennessee (of Hodges), Van Deman, Warren (of 
Thompson), Williams (of Ontario), and Yalu. 

Dcseendcnts of Downer's Vrolifiv: Tims a majority of the varie¬ 
ties of known parentage, those out of the llovey, Wilson, Sharp- 
less and Crescent, are supposed to (*ontain the blood of F. virginiana 
in part. Tliere are a number of varieties. how(^ver. in which 
the surmise becomes a (;ertainty. In 1854, J. S. Downer, of 
Pairview. Kentucky, produced Downer s Prolific*. In 1876, James 
Smith, of Des Moines, Iowa, stated at a meeting of tin* Iowa State 
Horthmltural »So<*iety, ‘'Downer prodticed his Downer’s Prolific 
from seed of the native Iowa strawberry,” which is a form of F, 
tnrginiana. Andrew S. Fuller called the Charles Downing, which 
was a seedling of Dowjier's IVolific, ^‘a largo representative of the 
western F. virginiana, var. DUnoensis/^ In the American Horti¬ 
cultural Manual J. Ij. Budd asserts, Wv know that the (’’harlos 
Downing sprang from the western wild speeies (Fragaria lUinorn- 
sis) pollinated by a (’hileaii variety; and we also know that in 
habit of growth and nmners and in elioi(*e aromati<' flavor it fol¬ 
lows the native, while the Chilean polhm lias given size of fruit and 
decidedly modified tin* foliage. Our native si)ecies has also traius- 
mitted the required hardiness.” This view was (‘ommonly aeeopted 
by the hortieultiiDsts of that period. The rainpant growth of run¬ 
ners and the deeply imbedded seeds of the Charles Downing were 
marked irulicatiofis of F. virginiana blood. It is b<4ieved by sonu' 
that Downer’s Prolifii* is-still grown to a limited extent in the north¬ 
ern Mississippi valley, especially in Minnesota, under the naim? of 
Countess. 

The Charles Downing he<'ame a great <*ommercial variety. Bt*- 
tween 1875 and 18!)0 it was a close eompetitor of the Wilson. Ten 
of its descendents are in enltivation today, most of them coming 
through Windsor. These are: Enhance, Ham, Hazel, Marconi, 
Mary (of Alley), Millionaire, Nina, Reha, Relianee and Robinson. 
We now have but two varieties; the Elma and the Robbie, that have 
descended from the Kentucky, another notable seedling of Down¬ 
er’s Prolific. 


Other Varieties With Scarlet Blood: Several other varieties 
of some prominence have been, beyond question, of F, virginian^t 
blood in part. One was the Bidwell, which was wdflcly grown 
for home use between 3880 and 1895. This variety was pro¬ 
duced by Benjamin Hathaway, of Little Prairie Ronde, Michi¬ 
gan, by crossing, to quote from him, ‘*what I call the Piatil- 
late Scarlet, that came out through three or four generations 
from the old Virginia Scarlet,” with Wilson, Sharpless and Glen- 



F, VIRGINUNA IN THE EVOLUTION OF THE STRAWBERRY. 133 


dale as pollinizers. The Michigan, another noted variety produced 
hy Hathaway, was this same Pistillate Scarlet crossed with Burr's 
Seedling, Tt was widely planted between 1865 and 1875. Hath¬ 
away 's statement of the origin of these two varieties was verified by 
T. T. Lyon. No deseendents of Bidwell and Michigan are in culti¬ 
vation today, although the Heath, which was Crescent x Bidwell, 
was grown about 1900. 

F, virginiana has been used in a number of crosses made in 
recent years. The Goldsborough, originated by A. T. Qoldsborough, 
of Washington, D. C., and introduced in 1903. is British Queen x 
F. virginiana. The originator says, “Its red pulp leaves a red 
juice in a saucer, like tlie wild parent of the fields, a quality almost 
bred out by the introduetion of the South American sorts, which 
are white fleshed.” The Dewdrop, originated by H. P. Dew, of 
Albion, Michigan, and introduced in 1906 as an ‘‘everbearer,” is 
s^jid to be Dew x Jucunda x “a wild prairie strawbeiTy.” 

Botanical Kvioence. 

This comphies tlH» evidence^ of history in support of the conten¬ 
tion that P. virginiarta has entered largely into the lineage of the 
modern straw'berry. There remains the evidence of botan3L At 
first thought it might Hvrm that it should b<‘ comparatively easy 
to deteriuine from what species the gar<len strawberry has sprung 
by making (comparative studies in anatomy, yet this has not given 
conclusive ix^snlts. The genus Fragaria is a most flexible and un- 
Hlablc group of plants. Botanists rarel.\' agree upon the limits of 
a species. Honu^ would mnko several s])e<*i(*s out of the group of 
plants known loosely as F. virginiana. 

One line of eviden(*e upon wiiich Dr. Bailey based his conclu¬ 
sion that the garden strawberry is a form of F. ehilornm, was the 
b<»havior of some plants of that species which he transplanted from 
Oregon to New York, Within tliree yeai*s tluw ('hanged from squat, 
lilue-leaved, short-trussed, denstdy hairy plants to '‘tall growing, 
gre(m leaved, higli trussed and thinly hair\'' plants, (dosely re¬ 
sembling many modern varieties. This, however, is not necessarily 
proof that the modem strawd>erry descended from F, ehilotnsis; it 
imiy be merely proof of the remarkable plasticity of the species. 
Equally marked variations fnmi the type may he found in different 
locations on tlie Pacific Coast. The Alaskan beach form, which 
V, (\ Georgeson has used in breeding varieties adapted for that 
region, has prrKMimbaiil fruit stalks, and peduncles that are *‘ao 
long that the fruit usually ripens out of sight, under the vegetation 
at the base of the plant. ’' The Virginian species is equally variable. 

Over a eentury ago, Thomas Andrew’^ Knight, the father of 
strawberry breeding, made many crosses between the Scarlet, the 
Ghilean and the Pine. A(»cording to Burbidge, he reached this con¬ 
clusion : '^That all the large Scarlet or American frtrawberries (of 
which F, virginimta, F, chilocnm, and F. grandifiora are the sup¬ 
posed species or types), were referable to the same species, since 
not only did they inter-breed indiscriminately in his gaMen, but ho 
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demonstrated also that similar varieties may be obtained from seeds 
of any of these so-called types.’’ There is much modern evidence 
in support of this conclusion. 

Reversion of Seedlings: If, however, we accept virginiana 
and F, chiloensis as distinct species, with points of differentiation 
as set forth by the systematic botanist, still there are good reasons 
for believing that both have entered into the lineage of the modern 
strawberry. Perhaps the most weighty of these is the character of 
the seedlings. A large proportion of the seedlings resulting from 
a strawberry cross tend to revert to a more primitive tyi)e; usually 
over ninety per cent of them are deeidely inferior to either jiarent. 
In 1886 E. Lewis Sturtevant, reported his observations on this 
point to 1h<? ]\rass(‘husetts Horticultural Society: “Tht‘ modern 
varieties und(T American culture seem to belong mostly to the 
species represented in nature by F. virginiana, altliougli there are 
supposed hybridizations with F. vh Horn sis, and, in the high 
flavored (dass, with F, rlnlior, ('ertain it is that in growing s(^ed- 
lings from our improved varieties revei'sions oft<^n occur to varieties 
referable to the Tlautbois and (Chilean sorts, from which fact hy¬ 
bridization can be inferred. I have noticed as of common occur * 
ance that seedlings from high flavorc<l variidies arc very likely to 
furnish sorne plants of tiie Hauthois (dass and scarcely if at al! dis¬ 
tinguishable from named varieties of tin* llanthois with wiiich then* 
has been opportunity for close comparison. From large berries of 
diminished flavor and whicdi o<*casionally throw hollow berries the 
reversion occasionally j)rodu<*es plants unmistakably of the ('’lulean 
type. In other cases we have notit^ed reversions to forms of F, vcsra. 
These circumstances all lead towards establishing the mingled 
parentage of our varieties under cultivation.’’ This coiodusion 
agrees with that of Richardson, previously quoted, that th<* modern 
strawberry is a composite of several species, including tlie llanthois, 
and vcsca, as well as the Virginian and Fhilcan. 

Position of Seeds: While tiic anatomical charai'tcrs of modern 
varieties furnish no conclusive elue to their botanical origin, there 
are several points worth noting. 'J'hc position of the seeds is a 
character of segregation between the Chilean and tin* Virginian 
species. In the former they are commonly exserted or but slightly 
imbedded; in the latter they are sunk into deep, angular pits. 
Most of the early North American varieties had sunken seeds. Ac¬ 
cording to Hooper’s W<*stern Fruit Book, the si^eds of the Ilovey 
were “imbedded in a small cavity.” Modern varieties show both 
contrasting characters, bnt tlms^* with exserted seeds art* more num¬ 
erous now as the berries are less likely to be bruised. But little 
weight can be attached to this eharac^ter, however, since some fonus 
of F, chiloensis have sunken seeds. Albert F. Etter, a strawberry 
breeder of Briceland, (-alifornia, says that the local fonn of F. 
chiloensis has “seeds deep set, while the se(*ds of the same species 
from Peru are not so deep set.” 

Necked Berries: A much more plausible mark of F. virginiana 
is the long neck which characterized so many of the varieties fol- 
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lowing the Hovey. The berrieR of F. ehiloenm rarely have a pro¬ 
nounced neck; but this feature is quite common in the Virginian and 
in F, vesca. The Banana strawberry, introduced about 1870, was 
the most conspicuous example of a necked variety; its neck was 
half as long as the entire berry. This variety was a descendent bf 
Hovey, being a seedling of Agriculturist, which came from Green 
Prolific, which was a seedling of the Ilovey. Long necks have gone 
out of fashion now, since such berries do not carry to market well, 
but berries with short necks are preferred to those without any 
neck, as they can be cay>ped mon* readily. 

Exuberent Bminera: The abundance of runners of many mod¬ 
ern varieties is a convincing indication of F, virginiana blood. 
Some forms of F. ehilofnsis^ as the Alaska ])each strawberry, have 
numerous runners, hut th(* species as a wfiole is (sharacterized by a 
ver>' moderate runner f>ro(lucti(ui as coiu]>ared with F, virginiana. 
The wild Scarlet makes runners in the greatest profusion. This 
habit has always been om* of tin* great('st defects of the Scarlet 
under cultivation; it makes so many plants that the ])ed is over¬ 
crowded and consequently the fniil is very .small. 

The Hovey was a moderate plant maker, but a large propor¬ 
tion of the varieties following it were exceedingly i)rolific of plants. 
The (kfifax. intro<lnced in 1867, was said to “kill weeds and every¬ 
thing else and eompletcdy occupy the ground.'' In I860 J. A. War¬ 
der r<*eonnnen(led the N(M‘ked Pine as “death on blue grass; it will 
jump over the fence and es<*ape everything that trt‘spass<"s. Plant 
it thirty feet apart and let it run.'’ The Crescent was so prolific 
of plants that many growers set it ten feet apart each way, and still 
got a good stand in normal st^asons. (VmsiihT also the remarkable 
plant-making ability of Cumberland Triumph and many of its 
progeny, all descendents of the Hovey; and the rampant runners of 
Hie (/harles Downing. It is ex<*eedingly difficult to a.ssoeiate this 
free running habit with a pure strain of F. (hiJfH Few of the 
varieties of more recent introduction produce runners as freely as 
this, because it is no longer dt^sired. We have come to the point 
wheni some d(»gree of runner restriction is ('onsidered essential to 
the production of go(jd fruit: naturally this ideal is reflected in 
the selection of seedlings. The exuberance of runners that cbar- 
a.cterize<l the varieties following the Hovey may be considered a 
strong indication of F, rinjimana, English varieties, which prob¬ 
ably have less Scarlet blood than Amerii^ai^ sorts, are noted as mod¬ 
erate plant makers, 

HardinesH: The superior hardiness of North American varieties 
m compared with English sorts, is another case in point. Most 
plant breeders agree that tht‘ attribute of hardiness <*annot be ac¬ 
quired in a few years, by seleetion, unless the plant under consid¬ 
eration hatipens to be a betei-ozygote. As a general proposition, 
hardiness is the rt‘sult of some thousands of years of natural selec¬ 
tion. Hence, if we wish to secure hardier varieties of a tendei* platnt 
in our own generation the most practicable course is to infuse the 
blood of a hardier speiies. 
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There are some pJaees where F. chilot nsis is quite hardy, but 
for the most part it is a tender spmes. Us habitat is the more 
tempered regions of Nortli and South America. The South Ameri¬ 
can fonn, from which the Pine is supposed to have been derived, i« 
especially tender. F. virginiana, on the other hand, is decidedly 
hardy. It grows (dose up to the snow Vino. It withstands temiier- 
atures of fort.>' d(*grees below zero and survives even tiie extreme 
conditions on our northwestern prairies. It has btHUi used re<?ently 
by Hansen to breed greater hardiness into somt* of the common 
varieties, with marked results, so far as this one attribute is 
i'oncerned. 

Modern English varieties are believed In some to be pure F. 
ehilocH.sis; and by others to be a eomposite of sevcu’al species, with 
a comparatively small iiifusion of F, rirginiana. They are dis¬ 
tinctly interior to American varieties in Imrdiness. Since 1819, 
when Mi(*ha(d produced his noted seedling, tlie progimitor of 

modern Eiiglisli varieties, Nortii Aiiuudean horti(»ulturists have re¬ 
peatedly attempted to grow the European sorts. Almost invariably 
they fail lien^: they la(*k vigor and luirdin(‘SK. Jmuinda and 
Triomphe are notabh* (‘Xi^eptions. Tin* of strawberries that has 
develoj)ed in Nortli America sine** tln^ introdmdion of tln» Hovey, 
however, is suflfi<d(*ntly hardy to succeed und<‘r ('ommercial culture 
in all parts of the (Continent except where cdimatii* (*oiiditions an* 
(Exceptionally trying, as in lh<‘ Dakotas. ^liiuiesota, Manitoba and 
Sas(*hatchewan. It is difficult to coiietdvi* that a pure form of 
F. (hiloonsis eonld }iav(* ac<niir(‘(l this r«*markal)le degrc(‘ of hardi¬ 
ness, so foreign to its nature in tin* wild, within so short a period. 
It is much mon* lik(‘ly lliat tin* gr(*at<‘r liardin<*ss of North Ameri¬ 
can varieties as eompar(»d with English soi‘ts, is due to a larger 
admixture of tlie Jiiore hardy sp<M*i(Es. 

Tliere an* otlier eliaraetf‘rs of modern varieties, both in plant 
and fruit, that indieat#* a miK(*d origin. Some varieties show tin* 
division of the crown, the deep f(‘t*ding. wir\ roots and Ted ffiish of 
F. virffinUina; others show tlie undivided crow ns, shallow feeding, 
fleshy roots, and white flesh of F. chiforn.sis. Th(*se points, how*- 
ever, are of less signiflcan(*(* tlian those that havt* be(*n m(*ntioned. 

Bf hnvun' of Pure F. (Unlot Viohr (Udfivafion: A strong 
argum(*nt for the iiyhrid origin of the garden strawlnuTy is found 
in the record of pun* F. rhihu nsis under (*ultivation. Although this 
species has been grown in Eufo]M* for two e(*nturies, it has pro¬ 
duced but r(*w^ varieties and none of thest* lias been found wortliy of 
general eultivatiou. It was offered for .sah* in one of the first North 
Anieri(*an track* catalogs, which was sent out liy Priru'c’s Linnaean 
Gardens, in 1771. The White* Ghilcan was grown sparingly for 
preserves until about 186(1, ciMspecially in California, but never was 
popular outside of the gardens of a few' amatcnirs. It has shown 
but little tendency to varw’ under cultivation ; the few varietals differ 
mainly in the i*olor of the* fruit. F, chilomsiM is indigenous to our 
entire Pacific, si*aboard ; yet f have* not been able to disetover a single 
variety that has sprung from it during the bundred years that have 
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dapsed siu(?e there has been any consideraldo interest in strawberry 
culture on this continent, except, possibly, the Honey, which was 
ititroclucecl by 8. L, Watkins, of Grizdy Flats, California, in 1892. 

Jt might be argued with justice that the 8outh American form 
of F. chilocnsiH, from wdiich the Pine is supposed to have sprung, 
may have possessed a tendency to vary into improved forms that is 
lacking in the North Ameri<‘aii representatives of the species. This 
phenomenon is seen in the native plum, Pra/o/.v americmia. Practi¬ 
cally all of the valuable varieties of this species have come from 
the Mississippi valley; the eastern form shows little profitable 
variation. Vt*t it would seem reasonable to expect that if North 
American varieties of the strawberry are of F. ohiloenm blood, and 
nothing (dse, the spfH*ies should at least give us an occasional im- 
ftroved variety in these latter days. F. virginlana was the mainstay 
of strawberry culture in North America for ov(;r a century. Would 
it not be strangi* indeed if it were suddenly and completely dis¬ 
possessed hy a sj)ecies that is known to have i>rodiieed no valuable 
varieties in a part* forrn, either hen* or in Europe, during the 200 
years tliat it has been in <*ultivation 

The «‘vid(*fu*e here pr(*sentecl, shows tliat varieties of F, virgini- 
(Uiu dominated the strawberry culture of North America until fifty 
years ago; timt one of the parents of the Ilovey, the chief progeni¬ 
tor of modern varieties, was a Pine, which several rec(*nt investiga¬ 
tors agree was a hybrid between F. virginiana and F. cliiUn nsiSf and 
possibly 8(‘V(*ral oth(*r species; that the prohalulities are at least 
e<}ual that the otlier parent of the Hovey was a variety of F. viV- 
(fhiiiuia: that a numlan* of varieties in eultivation today are de- 
seeiidtuits of Downer’s Prolitie, which is known to have contained F, 
virginiana blood: that varieties siiie<* the Hovey show strong indi¬ 
gnations of F. virginiana in tiu* reversion of seedlings, the ]>ositiou of 
seeds, the prominent n<*ek. the t*xuhereut prodnetion of runners, and 
in superior hardim‘ss; that pun* F. rhifaensis has sliown hut little 
tendeney to vary under (*uitivation ami has given no valuable varie¬ 
ties. This evidenee seems to justify the eonehisioii that the garden 
strawberry of North Ameriea is of mixe<l origin, with F. virginmna 
ami F. a.v/,v predominating. 

A aBKETIO ANALYSIS OF HORTICULTURAL VARIETIES 
PROPAOATBD BY VEOETATIVE MEANS, 


Py D. K. .li)M»>i, Bnssvg Institnti, Bosi(ni^ MasHavhmeits. 


Many varieties of plants normally reproducing by seed in the 
wiki, are propagatol in commereial practice by vegetative means. 
This is d<»ne in order to perpetuate desirable creations and to se¬ 
cure nnifonnity of product. Particularly is this the case in fruits, 
omamental shnilm, and many flowers where varieties are continued 
indefinitely by budding, grafting, cnitting, etc. 

In attempting to improve any plant by breeding it is essential 
to <Mermine, if ixissible, the underlying reasons why the already 
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existing varieties are worthy of eultivatioiL Before trying to im¬ 
prove plants propagated by vegetative means it is necessary to 
determine whether this practice of vegetative propagation has in¬ 
fluenced indirectly the germinal constitution of varieties propagated 
in that way. 

Since they normally reproduce by seed, it is safe to assume that 
the same principles which have been determined for annual seed- 
beailng plants apply equallj" well to the perennial horticuItui*al 
crops. Existing varieties of fruits are worthy of cultivation because 
they represent ran* and Fortunate combinations of xuaiiy desirable 
genetic factors. In otliei* words, tlu^y represent extreme plus vari¬ 
ates from a freiiiiency distribution in which the variation is caused 
by a large number of constantly s<'grcgating and recombining char¬ 
acters. fn addition to this it seems probable that these varieties owe 
a part of their superiority to heterosis or hybrid vigor. This ])he- 
nomenon must be taken into (*onsid(u*ation in fruit breeding work. 

That the vigor due to heterozygosis is a factor in tli<» production 
of desirable hoi^ticnltural varieties seem.s evident for the following 
reasons; 

1. It is a matter of common knowledge that se(Kllings oF iiorti- 
cultiiral plants in most eases are not true to the typi* of the parmit. 
This iudi<*ates that the jiarents arc in a hybrid condition for a large 
number of factors. Heterosis has been shown to he dire<'tly eor- 
related with the degree of h(‘terozygosity. 

2. Inbreeding experiments with fruits have shown that almost 
without exception there is a noti(*eahle decrease in vegetative 
vigor attending systematic inlm‘eding. This is directly com})arable 
to the same condition which is found in a naturally •*ross-hivd an¬ 
nual plant, such as c^oru. 1'hc reduction in vegetative vigor is rapid 
at first, then gradually slows down and tinally ceases. 

3. When thovSe inbred strains of corn arc cross<Kl Iberc i.s au 
immediate nHurn of vigor in the F, generation often suniassiug the 
original parents. Since by vegetative propagatior» any generation 
can be perpetuated indefinitely there is every reason to believe that 
natural crosses among existing varieticvS of fruits and among wild 
plants have resulted in an increase of vigor because* of their liybrid 
condition, and th<*se crosses have been selected for eiiltivation. 

4. In some cast's crossi^s Ix'tween existing varieties, particularly 
the apple, result in xirogeny less vigorous than either parent* In 
plants widely crossed fni*ther crassing may theoretically result in 
individuals less heterozygous than either parent, although segrega¬ 
tion of factors se(*ms the more logical explanation for most of these 
cases of poor offs]>ring. 

Over one hundred first-generation crosses Ixetvveen commercial 
non-inbred varieties of (*orn have shown a large number which sur¬ 
passed the better parent in yield. This increase over the better 
parent has rarely been over ten per cent. Crosses between inbred 
strains have given fifty per cent increase in yield over the better 
parent before inbreeding* Yields of 140 bushels per acre have been 
obtained from these crosses between inbred strains (East and Hay^, 
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1912). Tf there were any practicable way of propagating corn by 
vegetative means on a commercial seale» as for example there is in 
sugar cane, then these first generation hybrids would make desir¬ 
able varieties of coni to be perpetuated indefinitely as are the varie¬ 
ties of fruit. 

If heterosis plays a part in creating valuable horticultural varie¬ 
ties tlie extent to which it is a factor should be determiaed and 
reckoned with in breeding practice. Tf it is of considerable signifi¬ 
cance. then the somatic expression of a variety may give little or no 
indication as to its breeding value. Tf, for example, the good quali¬ 
ties of the Northern Spy apple or the Senator Dunlap strawberry 
are due in part to heterosis, then these varieties may be poor 
parents to use in transmitting these (diaraeters to new individuals. 
In the (*rosscs between the nou-inhred varieties of corn previously 
referred to, high-yielding first-generation hybrids have been se¬ 
cured from inferior parental varieties, while in some cases high- 
yielding ])arents have given crosses which were poorer than either 
parent. 

A quotation from a re(*(»nt Geneva Experiment Station bulletin 
(Hedrick and Antlmny, 1915} is in direct confirmation of this state¬ 
ment. ‘^One of tlu* snr]7rises in the study of varieties of grapes was 
the failure of many of onr commer<‘iaI sorts to transmit desirable 
qualities to their progeny. Seedlings of (loncord, Niagara, Worden, 
T')elaware and Gatawba grapes, have so far proved only disappoint¬ 
ments, The besi results have been secured from such little-grown 
varieties as the Ross, (V>11ier. Mills, Jeffemin, Diamond and 
Winchell.^’ 

Any plant in a hybrid eondition is unsatisfactory material to use 
in attempting to .systematically recombine desirable characters. 
When using heterozygous parents the ehance of securing the union 
of the gametes carrying the desired fa<‘toi*s is made possible, where 
there is independent segi'egatioii, by making a suflBeiently large 
number of crosses. But assuming that the varieties to be used as 
parents are each heterozygous for eight different factors which are 
wantf*d in the recombination, 05,536 f (2”)-. where N 8] crosses 
will have to he made in order to run an even chance of securing the 
plant recombining all the desired characters. This is estimating that 
on the average one plant (*an he grown to maturity from each cross. 
If, however, one parent is pure, and the other heterozygous for eight 
factors, only 256 (‘rosses will have to he made to have an equal 
chance, as before, of getting the desired comhinatiou. When both 
parents are in a homozygous (‘.ondition only one cross is needed. 

The eharactei-s generally sought by fruit breeders at the present 
time are quality, texture, hardiness, etc. Such general t*haracters 
are possibly affected by factors carried in all the chromosomes, as 
suggested by East (1915). Taking the chromosome number 8 of 
the rose to he the same for the rosaceous f niits. it is not unlikely that 
varieties of fruit arc in a heterozygous eondition for 8 sets of in^ 
dependently segregating characters. (In this connection it is to be 
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hoped that tlie ehrouiosonie number for all the cultivated fruits will 
be definitely determined.) 

The chief difficnilty in rediudiig perennial, slow-maturing plants 
to a homozygous <*ondition is the length of time involved. It takes 
fi*om six to eight generations to reduce a mixed population to nearly 
complete homozygosity. The time needed will vary from ten to 
fifteen years in tlu^ case of the strawberry to fifty to one hundred 
years in a slow-friiiting tree like the apple. By growing a large 
number of individuals and following tluur behavior in pedigreed 
lines some practically homozygous strains ean doubtless be secured 
in a fewer number of generations. 

The advantages to he gained by inbreeding an* as follows . 

1. Jt will give material of known genetic constitution which can 
be used to study the mode of inheritance of the characters desired 
in horticultural plants. Crosses between individuals already in a 
complex hylirid (*ondition are difficult to analyze from a genetic 
standpoint. 

2. With this information, recombinations by rrossing these pure 
breeding lin(*s (*an be secured with some degre<* of certainty. 

H. Crosses between these horaozygons individuals should give 
the greatest possible stimulus due to lieterozygosis. Horticultural 
practice is well adapted to make use of this means of improvement 
if it has significant value. 

In this connection a distinetiou is apparent between annual and 
perennial plants. In annuals there is a direct correlation between 
vegetative vigor and productiveness. Tn the perennial fruits ex¬ 
cessive vegetativ(* vigor caused by cultural means is often directly 
opposed to fruitfulness. It may be that heterosis may have some¬ 
what the same effe(*t. 

In general, heterosis increases the rapidity of cell division. It 
affects the size of organs rath(*r than increasc*s their number. In 
the fruit crojjs it may serve* to stimulate the elevelopment of large 
finiits rather than iiKUvase their niiml>er. It may lx* that here is a 
partial explanation of the large size and rather small number of 
fruits of varieties like* the Northeim Spy apple and the small size 
and great abundance of fruits of varieties such as Winesap, 
Missouri Pippin and others. No doubt other factors are also 
concerned. 

In spite of the discouraging amount of time necessar 3 % pure 
breeding strains of all tlie distinct horticultural varieties would have 
so much value as to warrant an attempt in this direction. The hope 
of securing (juick results in fruit l^reeding. except by accident, must 
be generally abandoned. If the genetic principles worked out dur¬ 
ing the past fifteen years are to be of the greatest benefit to practi¬ 
cal fruit breeding, it is important to determine just what part 
heterosis hp in the production of horticultural varieties propagated 
by vegetative means. 

In the Geneva Station bulletin previously quoted the statement 
is made that '^3,000 selfcd grape seedlings • ♦ ♦ ♦ have been so 
uniformly lacking in vigor as to lead to the belief that only throil||^ 



THE ORIGIN OF THE HITBBARDSTON APPLE. 


141 


mss-breeding can we hope to produce improved varieties/' In 
Hie opinion of the writer it is only through inbreeding followed by 
crossing that we can hope to obtain the greatest improvement. 
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THE ORIGIN OF THE HUBBARDSTON APPLE 

By J. K, Shavn. A</ricnUura1 (JolUgf , Amherst, Massachusetts. 

The Ilubbardston is one of the more important of the minor 
varieties of the Baldwin apple belt, ft has not been much planted 
in New England <luring recent years but is very frequently found in 
old orc'hards and ocM*asioiially in re(*ent plantings. It has been re¬ 
ported that its culture in New York is increasing and it is more or 
less known in Mi<dngan and other parts of the Baldwin territory. 
In other S(‘(*tions of the country it is rartdy grown but it is known 
by reputation, at l(*ast, to all poniologists. The first mention of the 
Ilubbardston known to the writer is by Kenriek in 1832 who de¬ 
scribes it and highly commeiuls it for general culture. He gives the 
erroneous information that "‘it ripens in February and lasts till 
April” and states that it originated in Hubbardston, Massachusetts. 
Dr. Thacher in his American Ondiardist in 1822 does not mention 
it nor is it iinduded in a list of varieties, recommended for plant¬ 
ing, in the New England Farmer in 1827, but is found in a similar 
list published in 1834. From the date of first publication by Ken- 
rick its mentiem by New England pomologists is frequent, and in¬ 
cludes considerable discussion of its season, the reason for which 
we can now understand. Tt is stated by Ilovey in 1851 that the 
Hubbardston was introduced by Capt. Hyde of Newton previous 
to .1830. This wqis the Samuel Hyde whose name appears among 
the members of the Massachusetts Horticultural Society in 1838 and 
in 1843, but is not present in the list for 1856. This Capt Hyde 
ran a nursery in Newton for many years and was succeeded by his 
son George who was also a member of the Massachusetts Horticul¬ 
tural Society. This nurseiy attained considerable local fame, con¬ 
tinuing within the memory of men now living, and I am told that 
some of the trees still persist on the old site. Kenriek was aim a 
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resident of Newton and pi^ominent in the Massachusetts Horticul¬ 
tural Society, wdiieli may explain why he was first to put the variety 
on record. 

The town of Ilubbardston is situated in the nortii central part 
of Massachusetts and it has fallen to the lot of the writer in each of 
the past three years to visit the neighboring? town of Princeton for 
the purpose^ of judging fruit at a local fair. Each year there has 
been shown wdiat we know as the Hubbardston under the name of 
Seek-no-further, while a distinct and unknown variety was shown 
under the name of JIub})ar<lston. The matter setmied worthy of a 
little investigation, so a day was spent interviewing the leading 
men and old ijihabitants of Hubbardston. This was enough to prove 
that this unknown sort is the one known everywhere in that town 
as the Ilubbardston, whih* the true Ilublmrdslxui is ]itth‘ known and 
not highly esteemed. No one can prove to an inhabitant of the tovrn 
that it is the genuine Hubbardston. 

The local IIub})ar(istoii may he described as follows: above 

medium to large; form, oblong, slightly conic, often a])proachiug 
roundivsli, oval or irrc^gular pentiigonal in (*ross section; color, light 
greenish yellow, mottled, splashed and stri]>ed with bright red cov¬ 
ering from 30 to 70 per cent of surface; bloom, rather light, waxy; 
dots not ver\ conspicuous, many, small, roundisii. pale gray, often 
submerged; cavity, medium in depth and breadth, angular; stem 
rather short and slender; basiji medium depth, medium to rather 
broad, sides steep to abrni)t, ribbed atnl folded: (*aJyx clos<'d; sta¬ 
mens, median to marginal; <orc axile, uiedium size, median, turbi¬ 
nate, core-lines meeting or (dasping: cells (dosed, m(*diuiu size, 
symmetrical; flesh ii(‘arly white, rather coarse*, crisp, moderately 
juicy; flavor pleasant a<d(]; (juality good to very good; season, Octo¬ 
ber to January. It is apparently prr)ductive and of good shipping 
quality. 

The original tree of this lo<*aI Jlubbardstoii grew in the pasture 
on a farm lo<*ated in that ])art of the town known hx'ally as Burn- 
shirt Hill, and perisiied witliin the mejuory of men now living. It 
was brought to tin? attentioii of the jniblic by the owner of the 
farm, one Air. Browning, and has been eonsiderably top-worked in 
Hubbardston and adjacent towns, but evidently has never gotten 
into the hands of nurserymen Jior beeii widely dissmniuated. Bev- 
eral trees of this variety vvm‘e found in an old orclnird on this farm 
and strangedy enough next to them a tree of the genuine Hubbards¬ 
ton, but known there as Seek-no-furthcr. Tin* real Seek-no-furthcr 
or Westfield is not known in that vicinity. 

The first dissemination of the local Hubbardston must have been 
jii’evious to 1845, as tlie writer has with men wdio knew’' it at 

that time and wdio^ word may be relied upon. It is impossible 
to say liow long before. The genuine Hubbardston probably came 
into the hands of >Samuel Hyde between 1820 and 1830 and it is 
possible that he got the scions from the town of Hubbardston. This 
may have been through the hands of one William Hyde, who came 
to Hubbardston from Newton in 1795 and lived there many years^ 
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There was a distant relationship between this William Hyde and 
Samuel Hyde. He settled in the easterly part of the township 
diagonally opposite the place of origin of the local Hubbardston. 
The writer was informed by an old inhabitant that his father got 
scions of the genuine Hubbardston (w^hich he called Seek-no- 
further) from that part of the town toward Westminster, which is 
the easterly part of the town. 

hi conclusion then, it is probable that th(* variety we know as 
Hubbardston originated in the easterly part of the town of Hub¬ 
bardston, was carried through the agency of William Hyde to 
Newton, propagated disseminated from the nurserj^ of Samuel 
Hyde and l)rought to general public notice by William Kenrick in 
his American (Irchardist. It has never been known as Hubbards¬ 
ton in its home town, l^robahiy it got the local name of Seek-no- 
ftirther througli its r<‘semblance to Westfield. 

Not long after there appeared in the opposite corner of the town 
another distinct variety wtiich was called Hubbardston and quite 
generally top-worked in the surrounding c(mntry. This variety has 
jK>8seHHed itself <»f name and fame locally while the other has ob- 
t4iined rettognition through the country at large. While the local 
Hubbardston is apparently an excellent variety there is no reason to 
expect that it will attain more than local distribution, therefore no 
wide-spread confusion is likely to result from the clash in nomen- 
eJature, This is merely a rather interesting e])i8ode in }>omological 
Instory. 


Tin* following extract is from “Transactions of the Massachu¬ 
setts Hortiiniltural Society,'’ for the year 1875, pp. 61 and 62, by 
Mr. -T. 15. Moore, an ex-President of the Society. 

‘^1)1 the summer of the }i*nv 1871, I was spending a few days 
in tin* town of Hubbardston. Massachusetts, and being interested 
in fruit, f had a desire to ascertain the history of the Hubbardston 
Nonsindi apple. For information 1 referred t(^ Mr. Bennett, 
who for many years had beoj) town clerk of that tow-n, as knowing 
probably more about it than any other person. Mr. Bennett in¬ 
formed me that the original tree was still alive, growing on land 
owned by Mr. Joseph H. Harris, on that part of his farm called the 
Gleason farm, and situated about four miles west of the village of 
Hubbardston. I then went with a friend to the Gleason farm, which 
has no buildings, they having been Imnit sixty-five years ago, and 
the farm lieing now occupied as a pasture. Near where the build¬ 
ings formerly stood is an orchard of about half an acre, composed 
entirely of t^es bearing wihl or natural fruit. Near the center of 
this group of trees stands the original Hubbardston Nonsuch, now 
an old tree, the trunk of which is about fifteen or sixteen inches in 
diameter and hollow, the top broken oflf at about eight feet above the 
ground. Vigorous branches had started from the sides of the trunk 
near the place where the top was broken, and had formed a small 
sised head, which, as I have since been informed, produced that year 
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tyo barrels of good apples. I examined the tree earofnlly to find 
whether there was any evidence of its having been engrafted, and 
was satisfied that it had not been. Mr. Bennett, at my request, as¬ 
certained that Barzillai (Jleason built a house and barn and started 
this farm about the year 1780, and probably about the same time 
planted the seed for tiiis ohl orchard, which would make the trees 
nearly one hundred years old. These trees are not in rows, but 
stand at irregular distances, as many old orchards were formerly 
planted. The orchard, and in fact the whole farm, occupies a west¬ 
erly slope, about halt* way from the top of the hills, which are large, 
to the valleys, and has a soil of gravelly loam, quite nx'ky, cold, and 
rather wet, and is what would be called good grazing land. 

‘‘This apple was first brought to notice by a Mr. Murdock, of 
Newton, Mass., who had friends living on the next farm. Return¬ 
ing from a visit to Hubbardston, he carried with him a few of 
these apples; some of tliem lie gave to Mr. Samuel Hyde, of New¬ 
ton, wdio was engaged in the nursery business, and who was so much 
pleased with the fruit that he procured scions, and propagated and 
disseminated it. This was about the year 1828 or 18;j0. Previous 
to this time a man by the name of Dana Parker, of Hubbardston, 
had called it the Nonsuch; j\Ir. Hyde, to distinguish it trorn other 
apples of that narm*. (*alled it the Hubbardston Nonsuch. This 
Mr. Dana Park(T claimed to have originatfui the variety by en¬ 
grafting a sour apph‘ tree with scions froju a sweet one, and some 
credulous persons believed it; l)ut there stands the old tree, a living 
witiH'ss to the falsity of any such pretensions. 

ITEMS OF BUSINESS AT THE ANNUAL MEETING. 

It was felt by many of the members that there should he a com¬ 
mittee on hoj’ticultural research and exp(*rime!itation, and after 
much discn.ssion a motion creating such a <*ommitlee of i\\c members 
was passe<l. 1'his (committee consists of L. II. Bailey, t*hairman; 
H. J. Webber. W. T. Macroun, W. L. Howard and U. P. Hedriek. 

The committee on graduate course was (continued, and a new 
one on luidergradiiate course was provided for to replace the former 
committees on pomology, olericulture and floriculture. The score 
card committee was continued. 

The officers and (‘.omiuittees as given on ]>age 5 were elected or 
appointed in the usual w^ay. 

An amendment to the constitution was adopted increasing the 
annual dues fi'om $1.00 to $1.50 beginning January 1, 1016. 

An application for membership in the Society was received from 
an official Japanese horticulturist. After thorough discussion it was 
decided to accept foreign official horticulturists as members upon 
payment of the annual dues. 

An amendment to the constitution was offered changing the 
nanic of the Society to American Society for Horticultural 
Science.’’ Following the necessary method of procedure, this 
amendment can not be voted on until the next annual meeting. 
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Resolvtions. 

The committee on resolutions offered the following: 

Kesolvcd: That the members of the Society extend a cordial 
vote of thanks to Prof. Paddock and all the members of the Horti¬ 
cultural Department, and to the Ohio State University, for the 
many kindnesses and great hospitality shown us; for the use of thdr 
most excellent quarters in the horticultural-forestry building, and 
for the good will which has been so evident on every hand. 

Resolved also. That a special vote of thanks be tendered the 
members of the Columbus Horticultural Society for the splendid 
dinner and much enjoyed smoker which they provided for the mem¬ 
bers of our Society. 

B. S. BROWN, 

J. E. COIT, 

J. W. CROW, 

Committee. 



OBITUARY. 

(JUSTAVUB BENBON BRACKETT. 

Colonel Gusta\ us Benson Brackett, who for the last eighteen years has l>een 
chief pomologist of the (’uited Btates Department of Agriculture, passed away 
August 2,1915, at Washington, I>. C., at the advanced iige of eighty^eight years. 

He was bom at Unity, Maine, March 24, 1827, receiving his education ia 
the schools of Lynn, MassaehuHetts, and (.nncinnati, C)hio, During the Civil 
War he served three years, holding positions as captain of engiiun^rs on General 
Grant^s stall*. After the war he held }H)sition as lieutenant-colonel in the lovra 
militia. 

He has to his credit more tiian seventy years of a<dive and energetic uork 
for the American fruit industry. PioneiT of the pioneers, he began, immediately 
following the close' of the Ui\il War, the nursery business in Denmark, Io\\a, 
when that nourishing state was a territory, a broad ex}>aus<^ of unbroken prairie 
over whieh the Sac and Fox Jiidiium roamed at will. He assisted in establishing 
the first nursery in wluit is now Lee County. Iowa, lie washed the seeds from 
which he gre^Y his seetlling ajipie trees from pomace of tho cider mills on the 
hills overlooking the tlien \ illage of Cincinnati, Ohio. 'Phest^ siM'dling tn?es were 
later June-budded, as it was before the art of lavot and collar grafting came 
into general practice. In tliat pioneer nursery he grew such varieties as Golden 
Pippen, Yellow Beiitlower, Baldwin, ^laiden Blush. Re<l dune, »Summer l{oR‘, 
Sunmier Queou, Early Harvest, Autumn Strawla^rry, Kambo, Fall Wine, Moore 
Sweet, lioxbury Russet, Rhode Island Greening, Red Stripe, Rails, Winesap, 
White Peannain, Harrison, Y’ellow New'town and Vandeven*—not a bad list for 
so eai*ly a day, F'rom that day until his deatli he kept pace with the |>orno)<^ical 
progress of this country. 

Colonel Brackett luis been si vied **ihe father of Jowa horticulture” and 
w'as known as one of the iiiohl discriuiinating judges of fruits tJiis countr}' ever 
produced. Few have passed more useful and lalK'irious Jives. Gentle, honest, 
manly, his honorable, useful toil fully justifies the tribute paid iiim that “he 
left his enduring monuinent in thousands of fanus and homes throughout 
America, under the broa^, kind shelter of the trees that his liamls or advic(» 
helped to plant and grow, and a grateful public will long revere his memory.” 

He was sujierintemlent of jKunoiog}, Centennial Exjiosition, 1870; cununis 
sioner to Paris Exjwsitiou, 1 h 7H; reiiresentative of State of Iowa, Cotton States 
Exposition, New Orleans, 1885; re]>rese?itative of Division of Pomology, 
Department of Agriculture, at World’s Columbian E.v|position, Chicago, 1895; 
expert in horticulture, Exposition UniverselJe, Paris, 1900, wliere he rweivetl 
the decoration of the order of “Merite Agricole.” lie received many medals 
and diplomas at various times for exfiert work in horticulture. His name and 
fame as a pomologist were world wide. 

Colonel Brackett was de»(!ended from that branch of the Brackett family 
(English Quakers) which settk^ at Portland, Maine, ncurly 290 years ago, 
the branch of which the late speaker of the House, Thomas Brackett Reed, was 
a fsdthful exponent. New Knglagd history would bo incomplete without the 
dominant part played by the Brackett family. Colonel Brackett leaves two 
brothers in Minnesota, Charles 8. Brackett, a prominent business man of 
Minneapolis, and Arthur Bracket, of Excelsior, the well known hortieulturist, 
and member of the Minnesota State Horticultural Society. He was a gentle¬ 
man of the old school, a friend in those old, old days when the world Wfis young 
^ winning smiles and Faith gave expanded vision. 

Beautiful orchards throughout this broad land are tributes to his wisdom, skill 
and influence. (From the Minnettoia IJonimlturiHt,) 
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CONSTITUTION 


ARTICLK 1. 


The name of this Association shall 1>c the American Society for Tlorlicultural 
Science. 


ARTICLE 2, 


The obje<*t of the Society shall be to promote the Science of Tlorticulture, 


ARTICLE 3. 

Any person who is a gp’n<luate of an agricultural college and holds an official 
position in an agricultural coIlegt% experiment station, or federal Depaitment of 
Agriculture in the XTnited States or Canada, may become a member upon pav 
ment of the annual dues of $1.50. 


ARTICLE 4, 

Meetings shall be held annually at such time and place as may be designated 
by the Executive Committee, unless otherwise ordered by the Society. 

ARTICLE 5. 

The otlicer.H shall consist of a Presi<lent, three \’i<*e I*resiih'(»ts, and a Secre 
tary-Troasurer, wIk), together with the chairmen of tlie standing coinrnitttvs, shall 
constitute a t’ouncil to act u]w»n all applications for membership. There shall 
also l>e an Assistant Secretary. Tliese oftieers shall be elected annually by ballot. 

ARTK^LK 0. 

This (‘Constitution may be amended by tuo-lliirds vote of the SdW'iety at any 
regular im^eting, notice of such amendment haNing been read at the last regular 
meeting. 


BY LAWS* 

Section 1. The President and other officers shall perform tlie usual duties of 
their respective offices. The President shall also deliver an address at each regn* 
lar meeting. 

Section 2, There shall be a Committee on Nominations consisting of five ('5) 
members, who shall lie nominated and elected by ballot a< each regular meeting 
of the Sm'iefy. It shall be the duty of this committee, at the following im»et- 
ing. to suggest to tlic Society names for officers, referees, and memlH*rs of cf>in- 
mittees for the ensuing year.t 

Section 3. There shall be an Executive Committeis consisting of three (3) 
members amt the President and the Secretary, ex-oflicio. This committee shall 
perform the usual duties devolving upon such committtM*. 

Section 4. The Committee on Xoniination shall nominate referees and niter* 
nates upon special subjects of investigation or instruction, whiidi may be refer- 
red to its consideration by the Society. The duties of these referees shall lie to 
make concise reports upon recent investigations or methods of teaching in the 
subjects assigned them, and to report the present status of the same. 

Hoction 5. There shall be a Committee on Program, consisting of seven (7) 
members, of which the Secretary shall be one. This irommittee shall have charge 
of the scientific activities of the Siociety, exce]»t as otherwise ordered by the 
Society. 

Se(*tion (». There shall be a committee of five (5) meml^ers mi co-ordbmtion 
of the horticultural work of the C. S. Department of Agrictulture and the Agri¬ 
cultural (V)lleges and Experiment Srations. (This committee was discontinued 
about 1912.) 

t^dion 7. M’he annual dues of tlie Sen'iety shall l)e one dollar and fifty cents. 

Section s. dVii members of the Society shall constitute a quorum. 

* The Constitution and By Laws amended from time to time 
t SSmeo 101:; two of candidnte« liuve been required. 



MEMBER?iHIP ROLL. 


7 


MEMBERSHIP ROLL FOR 1916. 

Alderman, W. II.Experiment Station, Morgantown, W. Va. 

Allen, P, W.Agri'cultnral College, Pullman, Wash. 

Anderson, J. P..Alaeka Agricultural Experiment Station, Sitka, Alaska. 

Anspon, B. W. ....Maryland State College, College Park, Md. 

Anthony, R. D .Experiment Station, Geneva, New York. 

Auchtkr, B. C.*.. Experiment Station, Morgantown, W. Va. 

Austin, C. P.LaLaguna Plantation Co., Herradura, Cuba. 

Babcock, E. B.I'niversity of California, Berkeley, Calif. 

Bailey, E. W.University of Illinois, Urbana, 111. 

Bailey, L. IT.Itbaca, New York. 

Balij^rd, W. B. ....Experiment Station, College Park, Md. 

Barnett, B. J...State (,’ollege of Washington, Pullman, Wash. 

Barbs, A, P.Agricultural (killege, Corvallis, Ore. 

Batcheu>e, L. B.('itrus Experiment l^ation, Riverside, Calif. 

Bbiach, S. a .Iowa State College, Ames, Iowa. 

Beal, A. C.CorneJl UniverRity, Ithaca, New York. 

Beattie, W. B.174 Railway Exchange Bldg., St. I/>uis, Mo. 

Bkchtel, J. R.IVnnsylvania Stale College, State College, Pa. 

Bkckkkstrater, H.Maryland State College, College Park, Md. 

Bennett, K. R.extension Service, Boiee, Idaho. 

Bioletta, F. T.Uni\ersi1y of California, Berkeley, C-alif, 

Blair, W. S.Experiment Station, Kentville, Nova Scotia. 

Blake, M. A.Experiment Station, New Brunswick, N. J, 

Bonns, W. W.Citrus Kx|>eriment l^alion, Riverside, Calif. 

Hrierly, W. G.....University Farm, St. l*aul, Minnesota. 

Brown, B. S.Vniv(M*sity of Maine, Orono, Maine. 

Cady, LeRov .University Farm, St. Paul, Minnesota. 

Chandler, W. II,.Cornell University, Ithaca, N. Y. 

Chenowith, W. W.\gi-iculfural College, Amherst, Mass. 

Clark, C. F.i . S. Dept. Agr., Washington, D. C. 

Clement, F. M.Univ, of British Columbia, Vancouver, B, C. 

(.’LOSE, C. P.U. S. Dept. .Agr.. Washington, D. C. 

CoiT, J. E.University of ('lajifonua, Berkeley, Calif. 

Colby. .A. S.University of Illinois, I>bana, Ill. 

CoNDiT, i, J.University of California, Berkeley, Calif. 

Connors, C. H.Fxperiinent Station. New Brunswick, N. J. 

CoNOLLY. U, M.U. S. Dept. Agr., Wa-riiington, D. C. 

Corbett, L. C.U. s. Dept. Agr., Vvashington, D. C. 

('ORRiVEAir, K.Agricultural College, Kingston, B. 1. 

O&AIG, A. G.Arcadia Orchards Co., Deer Park, Wash. 

C&EBLMAN, J. M.Grimsby, (.Intario, Can, 

Crider, F. J..... Experiment Station, Cleinson College, S. C. 

Crow, J. AV..Agricultural College, Guelph. Canada. 

Cruickshank, B. E.Ohio State University, Columbus, Ohio. 

CuLVERHOUSE, P. E.llort. Experiment Station, Vineland Station, Ontario, Can, 

Cummings. M, B...Experiment station, Burlington, Vt. 

Dacy, a. L...Experiment Station, Morgantown, W. Va. 

Barrow, G, M.... V. S. Dept. Agr., Washington, I). C, 

Davis, V. H.Ohio State University, Columbus, Ohio. 

Beebino, Chabj^es .U. S. Dept. Agr., Washington, I). C. 

Bet JEN, L. B.Experiment Station, West Raleigh, N* C. 

Bewey, G. W.Jerome, Idaho. 

Dickens, Albert ..Agrienltnral College, Manhattan, Kansas. 

Bivelbuss, K H.Agricultural College, Roswell, N, M* 

Dorset, M, J.University Farm, St. Paul, Minnesota. 

Brinkard, Je., a. W.. . .Experiment Station, Blacksburg, VirgiBia. 

Burst, C. P...... University of IRinois, Urbana, Ill, 
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Erwin, A. T.Tow-a State Oolle^je, Ames, Iowa. 

Eustace, II. .T .A^rimltnral Collf^e, Rlast Eansing, Mich. 

Eagan, F. N.Experiment Station, State College, Pa. 

Earley, A. J.Experiment Station, New Brunswick, N. X 

Eiror, J. W.State College of A. and M. Arts, Athens, Ga, 

Fisher, 1>. F.Wenatchee, Wash. 

Eitch. C. li.Iowa State College, Ames, Iowa. 

Fletcher, 8. W.IViiiu State College, State College, Pa. 

Fletcher, W. P.E. S. Dept. Agr., Washington, D. C. 

Frost, II. B.('itrus Experiment Station, Biverside, Calif. 

(JiiADWiN, F. K.Vineland Laboratory, Fredonia, N. Y, 

Gould, H. P. V. S. Dept. Agr., AVashington, 1). (5. 

(^OURLEY. J. H.Agricultural College. Durham, N. H. 

Grimes. A. M .F. S. J)opt. Agr.. Washington, D. 0, 

IIalstbd, B. T).lixfieriment Station, New Brunswick, N. J. 

Hansen, N. K.AgncuJhiral College, Brookings, S, D. 

Hedrick. II. P.Experiment Station, Geneva, N. 

IIeiniCKE, A. .1 .('oriiell Fniversity, Ithaca. N. Y. 

Henricksen. a. P.Cni\ersity Farm School, Davis, C’alif. 

Hepler. d. K.riii\ersity of Wisconsin, Madison, Wis. 

JIerrjck, K. S.Iowa State (’ollege, Anu'S, Tov\a. 

Higgins, J. E.Experiment Station, Honolulu, Hawaii. 

Hollister, S. P.\griciiltnral (Villege, Stores, Conn. 

Holmes, F. S.Experiment Station, (College Park, Md. 

Hood, G. W.Fnuersity of Nebraska, Tancoln, Nebraska. 

IIosHiNO, Yuzo.The Tohoku Imperial Fniversity, Sap]M>ro, Japan. 

Howard, K. F.Fnaersity of Neiiraska, Lincoln, Neb. 

Howard, W. L.Fnnersity Farm S<'hool, Davis, (Vilif. 

Howe, G. H.Experiment Station, Geneva, N. Y. 

Huber, T3. F.Ext»erinient Station. New Haven, Fonn 

Hume, H. H...<Jleii St. Mary, i'iorida. 

Husmann, F. L.Scvoml and Seminary Streets, Naj>a, ('alif. 

HrsMANN, (t. IL S. Dejit. Agr., Washington, D. (\ 

Hutt, W, X.State l)4‘pailment ot Agru*ultui4\ Ualclgh, X. C. 

.lENKS, A. K.Sti Hall Street, Springfield, Mass. 

.Tohnson, T. C.Virginia Truck Experiment Station. Xorfolk, Va. 

.Jones, D. F.Experiment Station, Now Haven, (‘onii. 

Kkvser, (\ X.State <'ollege of Agriculture, Athens. Ga. 

Kilham, a. D... Massm Imsetts Agricultural College, Amlierst, Maas. 

Knox, J. S.Old State House, Little Rock, Ark. 

Kraus, E. J.Experiment Station, Oon^allis, Oregon. 

Kvlk, K. ,T.V. & M. College of Texas, (’ollege Station, Texas. 

Lake. E. R.F. S. Dept.’Agr., Washington. J>. C. 

Lanham, W. B.A. &: M. (Jollege of Texas, College Station, Texas. 

Lee, .T. G.Agricultural College, Baton Itouge, La. 

Lewis. C. T.Agricultural College, (’orvaillis, Oregon. 

Llovd, j. W.Fniversity of Illinois, Frbana, Til. 

Takjklin. H. D...Agricultural Follege, (Corvallis, Oregon, 

1a>mbard, P. M.F. S. Hepl. Agr., Washington, 1). 

IxiMMEL, W. E.Purdui' Fniversity, Lafayette, Ind. 

Lumsden, David .fJornell TTniversiiy, Ithaxai, X. Y, 

Lurie, A.Missouri l^otanical Garden, St. Ixmis, Mo. 

Mackintosu, R. S.Fniversity Farm, St. Paul, Minn. 

Macoun, W. T..Central Experiment Farm, Ottav\a, Canada. 

Maney, T. j .Iowa State GoUege, Ames, Iowa. 

Markell, E, L.Liberty St., XeM York, K, Y. 
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Mathews, C. I).State Dept, of Agr., Kaleigh, N. C. 

Mathews, C. W.Agricultural College, Lexiugtoa, Ky. 

McCuntick, J. a .Virginia Truck Experiment Station, Norfolk, Va. 

McCue, C. a .Experiment Station, Newark, Del. 

McOikty, K. a .College of Agriculture, Fort Collins, Colo. 

McITatton, T. H.State (’ollege of A. & M. Arts, Athens, Oa. 

MiLLEit, P. E.U. S. Dept. Agr„ Washington, D. C. 

Milwaed, J. G .rniversity of Wisconsin, Madison, Wis. 

Moktgomeey, L. M.Ohio State I’niversity, Columbus, Ohio. 

Moore, J, G .Experiment Station, Madison, Wis. 

Morris, 0. M.Experiment Station, Pullman, Wash. 

MrLPORD, P. D.li. S. Dept. Agr., Washington, D. C. 

Myers, (\ E.Experiment Station, State (k)llege, Pa. 

Nelson, Aven .Experiment Station, Laramie, Wyo. 

Ortox, W. a .. C. S T)ept. Agr., Wuhhington, I>. (!. 

OSKAMP. Jos.Purdue Cuixersity, Lafayette, Ind. 

OvERlloLSER, E. L.(’ornell rni\ersit>, Ithaca, N. Y. 

PAi)rx)CK, W.Ohio state rmxeisity, (’oJumbus, Ohio. 

Pailthorpe, If. K.Exfiennient Station. Newark. Del. 

Pat^mer, W. R.Purdue rui\ersity, Lafayette, Jnd. 

J‘ELTON, W. C......GeorgeiovM), Del. 

ITn'ERSON, W. A.Xortheru (*teat JMatns Field Station, Mandan, N. D. 

FTaknder, Max .\oi-theru (treat Plains Field Station, Mandan, N. D. 

Pickett, R. S.I'niversity ef Illinois, Cibana, Ill. 

PlL!,.SBURY, J. P.Experiment Station, West Raleigh, X. 

Potter, G. F .l’iij\ersity of Wisconsin, Madison, Wis. 

I^att, B. B.Hox OLl, Stat'mn C, lx>s Angeles, ('al. 

Price, H. L.Experiment Station, Blacksburg, Ya. 

Prick, J (\ <‘.Vlabama Polvteclmic Institute. Auburn, Ala. 

Ralstox, (r, S.Virginia Polytechnic Institute, Blacksburg, Ya. 

Reed, (’. A.C, S. Dejd Agr., Washington, 1). C. 

ItKi-iS, R. W.(’ornell Vmxersily, Ithaca, N. Y. 

Rehder, Alitikd ..\rnold Arb(»retum, Jamaica Plains, Mass. 

Reimer, P. 0.S(nitlK‘rn Oregon Experiment Station. Talent, Ore. 

Richards, M. W.i‘urdue rni\ersity, Lafayette, Ind. 

RiDr4EY, V. W.F. S. De|»t. Agr., Washington, D. (\ 

liOBH, O. J.Horticultural Exp. Station, Vineland Station, Ontario, Can, 

Roberts, R, H.Fniversity of Wisconsin, Madison, Wis. 

Rolfs, !*. II.Experiment Station, (lainesville, Fla. 

Rosa, J. T., Jit.Virginia Truck Experiment Station, .Norfolk, Va. 

Sauers, C. G.Purdue Cniveisity, l^ifayetto, lad. 

Sayre, C. B.Purdue rui\ersity, I^ifayette. hui. 

Scherrer, j. B.New Hampshire College, Durham, N. IE 

SCHMIDT’, D.,.! ....Kxjieriment Station, New Brunswick, N. J, 

Scott, L. B___ ,..v. S. Dej>t. Agr., Washington, H. ('. 

Sears, P, C.Agricultural (’ollege, Amherst, Mass. 

Shaw, J. K.!.!.!!!.! .. Experiment Station, Amherst, Mass, 

Shaw, Percy J. !! .. \gricultiiral College, Truro, Nova Scotia. 

Shaw, S. B.Marvlaud State College, (’ollege Ihirk, Md. 

Shoemaker, D. N.F. S. Dept. Agr., Washington, D. (h ^ 

Smith, Edwin .Hnininton Department of Agriculture, (iriinsby, Out. 

Snyder, Elmer, ...!!.!! UJ’* d St., Fresno, Cnl , 

Stahl, J. L.West Washington Experiment Station, Ihiyallup, Wash. 

St ARCHER, 6, C.. Experiment Station, Auburn, Ala. 

Stareinq, C. C.\gricultnral (‘ollege, Bozeman, Mont, 

Stewart, John P Experiment Station, State (‘ollege, Pa. 

Stoddard, E. P. ‘ Marvlaud State College, College Park, Md. 
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Stuabt, Wm. {\ S. Dept. Agr., Washin^fton, 1). C. 

Stitbenrauch, a. V.. ••• University of California, Berkeley, Cal. 

Stuckey, H. P.Exporiinont Station, Experiment, (»a. 

Sutton, F. J.Purdue University, Lafayette, Ind. 

Sutton, L. F.Experiment Station, Morgantown, AV, Va. 

Taylor, K. H.I'mversity of California, Berkeley, Cal. 

Taylor, W, A. V. H. Dept. Agr., Washington, D. 0. 

Thayer, Paul .Experiment Station, Wooster, Ohio. 

Thompson, H. C. V. S. Dept. Agr., Washington, D. C. 

Tomlinson, A. EL.Agricultural College, Ouelph, Canada, 

Tompson, II. F.Ui Temjde St., Arlington, Mass. 

Tracy, S^, W. W. V. S. Dept, Agr., Washington, D. C. 

Truax. H. F.U. S. D<‘pt. Agr., Washington, 1). (L 

Tufts, W. P.Cniversitv Farm, Davis, <’al. 

TirRNEY, A. C.Dept, Agr., Fredericton, New Brunswick, 

Volz, E. C.Cornell Uin\ersity, Ithaca, N. Y. 

VoORHORST, Ray (J.Hox 49S, East Lansing, Midi. 

A^OSBURY, E. D.r. S. Dept. Agr,, Washington, D, C. 

Watson, B. M.Simirncr Street, Plymontli, Mass. 

Watkins, O, S.UmverKity of Illinois, Urhana. III. 

Watts, R. L..Experiment Station. State <-ollcge, Fa. 

Webber, H. J.t'jtrus Exi»eriment Station, Riverside, (Vil. 

W’^ELLINGTON, J. W.Experiment Station, Ceneva, N, Y, 

Wellington, B.University Farm, St. Paul, Minn. 

Werner, H. O.....Experiment Station, Agricultural College, N, D. 

White, E. A.(’orndl University, Ithaca, N, Y. 

W’^HIPPLE, O, B.Experiment Station, liuzeman, Mont. 

\\rHiTTEN. J, C.Exjieriment Sitation, Columbia, Mo. 

Wight, W. F.C. S. Dept. Agr., Washington, D. C. 

Whyte, R. B..‘U(» Wellrod St., Ottawa, Canada. 

AVicks, AV. H..Experiment Station, Fayetteville, Ark, 

AVilson, €. S.State Dept, of Agr., Albany, N. Y. 

Winslow, R. M.Dept, of A^., A'ietoria, B. C. 

AVoobbuby, C. G .Purdue irniversify, l^afayette, Ind. 

AA^obk, Paul .Cornell University, Ithaca, N, Y, 

W’'right, W. j .Alfred University, Alfred, N. A’. 
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TREASURER’S REPORT FOR 1916. 


Vouclior 

Nd. < ’r. 

1915. 

1 J)e<*. 31 To expenses of C. Clo.se, Secretary, to Coluiabiis Meet¬ 

ing, December 28 and 29, 1935. $39.4G 

dan. 11 StarupH . 4,{K) 

19IH. 

dan. IS “ Stamps . *2.00 

2 dan. 25 Express on mainis<*rii»t of 1915 report to printer in 

AnnajK)ii8, Md. .25 

Feb. 1 “ Express on letterhea<is, eri\elope«, and rej)ort en- 

\elopes from printer in Aniia]>olis. .55 

“ Stam}>s. 2.00 

4 K(d». ‘‘ Half tone plate of W. L. Jlowanl for 1915 re[M)rt..., 2,00 

Feb. 21 “ Stain. 1,00 

5 Fel). 29 ‘‘ One-lialf of cost of cut of Cob Brackett (3915 report) l.OO 

Mar. ! “ Stamps. 2.00 

Mar. B? “ Stam]»s. 2.00 

Mar. 17 ‘‘ I'xpiess on 191.5 rc]»ort‘ . 3.32 

Mar, 17 ‘‘ I'ostagt* on 1915 reports. 14.38 

Mai. 22 Stamps. .. 2.00 

7 .Vpl. “ W. M. liolladav. 25tMi letterheads, 2500 envelopes. ... 10,00 

Apl. 0 *• W. M. liolladav, 009 Xo. 7(» Columbia 

Clas{> en\(doJ^e'^ . $5.25 

.300 i'jipies 191.5 i(‘port .$173.40 

—-- 178.05 

Mav 21 'I'o Sjamps , , 2.00 

Scj*. 12 ** Stumps . . .. 1.00 

Oct 11 •' Stamps . 1.0t» 

9 Oct. n “ Bill of C. K. Durst, letteiheads and en- 

\eloj>es . $1.50 

Stamps to {late . 0.70 

Stfoioiiraidji'' heb* . 3.3S 

. 14.58 

Oct 2’'i d’o Stamps . ... . 2.00 

0 *• Stani]<s . .• . . --00 

!>e- 15 Stainj>s . 1.00 

D<‘<'. 19 *• Tin* 'roi.s{d} k Fran/ Badtic ('<>„ 150 buttons for 1910. 4.05 

Dec. 2t> •* Stamp.s. . DOO 


Dec. 

!)e{‘. 

Dec. 

Dec. 

dan, 

dan. 

dan. 

dan, 

Feb. 


Dr. 


$297.24 


1915, 

2S By Balaina* on hand. ... .- • • $210.95 

28 11. W. Imt/, Dido State Cniversitv, Columbus, Ohio, re- 

j»i»rt 1915. 1-00 

2S “ K. A. VanMeler, Old<» State rniversity, Columbus, Ohio, 

n’port 1915 . 1.00 

28 “ .r. M. Veasiey, Ohio State Cniversity, Columbus, Ohio, 

report 1915 . 1.00 

1910. 

20 ** d 11. (lourlev. Experiment Hlation, Durham, N. H., re¬ 
ports 1900, 1907. 1908-9, 1910. 4.00 

2(» “ \lahanm F«dyteehnie Institute. Auburn, Ala., reports 

1911, 1912, 1913, 1914.... , 4.00 

22 Paul Thayer, Experiment Station, Wooster, Ohio, first 

ten reports .. 10.00 

24 “A. C. AfeClurg & Co., Chicago, 111., first ton report’s. 10.00 

5 Pnrdue Pniversity, Lafayette, Tnd., report 1914. 1.00 
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1915. 

Feb. 8 By J. H. Gourley, lilxperiKieiit Station, Burhani, N. H., re¬ 
port 1903-4 . $1.00 

Feb. 8 ^ ‘ W. T. Macoun, Central Experimental Fann, Ottawa, Can¬ 
ada, report 1914... 1.00 

Feb. 19 “ Bimikiyn Institute of Arts & Science, Brooklyn, X. Y., 


Feb. 19 ‘‘ IVof. Yiizo lloshino, the Tohoku InipenaJ University, 

Sapi>oro, Japan, first eleven roix)rts. 31,00 

Mar. 6 W. 1). Boyce Co., 500 North Dearborn St., Chicago, 111,, 

report 1914 . 1,00 

Mar. 17 State Department of Agriculture, JJarrisbiirg, Pa., 

report 1915 . 3.00 

Mar. 21 Thomas A. Dungan, 47 IV. Garfield Blvd., Chicago, 111,, 

report 1915. 1.00 

Mar. 27 ** Oklahoma Agricultural Kx])eriment Station, Stillwater, 

Okla.. first ten reports. 30.00 

Mar. 29 “ Brooklyn Institute of Arts & Science, Brooklyn, N. Y., 

report 1915. 1.00 

Alar. 31 ** Joua State College, Ames, Iowa, report 3915. 1.00 

ApJ. 1 University of Afinnesota. University Farm, St. Paul, 

Miun,, report 1915 . 1.00 

Apl. 1 “ U. S. Department of Agriculture, Washington, 3). €., 

(for Mandtin Station) first eleven rejiorts. 11.00 

ApJ. 3 “ Georgia State College of Agriculture, Athens, Ga., report 

3915 . 1.00 

Apl. 6 “ Ohio State University, <!n}umbus, Ohio, report 1915. 1.00 

Apl. 6 “ Ohio Agricultural Experiment Station, Wooster, Ohio, 

report 1915 . 1.00 

Apl. 7 “ Georgia Experiment Station, Experiment, Ga., rei)ort 

3915 . 1.00 

Apl. 10 “ Virginia Polytwdinie Institute, Blaekaburg, Va., reports 

1914 and 1935. 2.00 

Apl. 11 ** Utah Agricultural College, Ijogan, Utah, report 1915.... 3.00 

Apl. 17 ** State C’ollege of Washington, Pullman, Wash., report 

3915 .. 1.00 

Apl. 18 ** University of Wisconsin, Afadison, Wis., report 1915.... 1.00 

Apl. 19 “ (Wnell University, Ithaca, N. Y., report 1915. 1.00 

Apl. 19 Kutgers (Mllege, New Brunsw ick, N, J., re|K>rt 1915. 1.00 

Apl, 22 A, & M. CMlIege of Texiw, College Station, Tex., report 

3915 . 1.00 

Apl. 22 ** A. C. McClurg & <!o., .^30 E. Ohio 8t., Chicago, 111., 

rejwrt 1915. 1.00 

ApJ. 22 iMacdonald College, Afacdonald College P. O., Quebec, 

Canada, refK>rt 1915. 1.00 

Apl. 24 ** I^irdue University, Lafayette, Tnd., reports 1913, 1914, 

1915 . 3.00 

Apl. 24 G. E. Stechert & Co., 151 25th St., New York City, first 

eleven Reports .. 11.00 

AjJ. 24 Massachusetts Agricurtural College, Amherst, Mass., re¬ 
port, 1915. 1,00 

Apl. 24 “ University of Maine, Orono, Me., rejjort 1915. LOO 

Apl. 28 “ University of Nebraska, Lincoln, Neb., report 3915. LOO 

x\pl. 28 The Baker & Taylor Co., New York City, report 3915.. 1.00 

May 2 University of California, Berkeley, Cal., report 1915. 3*00 

May 2 Iowa State College, Ames, lo^a, report 3914. 1.00 

May s Kentucky Agrieultural Ex|>eriment Station, ]>xingtoti, 

Ky., report 1915. LOO 

May 13 ‘‘ Oregon A^icaltural College, Corvallis, Ore., report 1915 1.00 

May 23 ‘' Southern Oregon Experiment Station, Talent, Ore., report 


IWIO . ....... 

May 31 ** University of CkUifornia, Berkeley, report 1915.,... LOO 

May 31 I'niversll^ of Vermont, Burlington; Vt, report 1915.... LOO 



































refokt. 13 

1916. 

June 6 By Heweii IkpeTiment Honolulu. Hjtwaii, report 

1916 .. $1.00 

June 6 * * State Agricultural College, Fort Collins, Colo, report 1916 1.00 

June 15 ** University of Missouri, Columbia, Mb., report 1916. 1.00 

.fune 17 ** Pennsylvania State College, State College, Pa., report , 


June 30 W. Worthington, 4041 Arcade Building, Seattle, Wash., 

report 1915. 1.00 

July 7 Purdue University, Lafayette, Ind., report 1915. LOO 

July 20 jNew Mexico College of Agriculture & Mechanical Arts, 

State College, M., report 1916. 1,00 

July 26 Kansas State Agricultuarl College, Manhattan, Kan., re¬ 
ports 1912,1913,1914,1916. 4.00 

July 29 University of Idaho, Moscow, Idaho, re}K)rt 1915. 1.00 

Sept, 12 ** H, O. Werner, Experiment Station, Agricultural College, 

N. D., set of eleven reports.*. 11.00 

Cct. 9 ** James C. Waters, Jr., Rahway, N. .L, report 1914. 1.00 

Oct. 20 “ Georgia State College of Agriculture, Athens, Ga., re¬ 
ports 1908-9, 1912, 1914. 3.00 

Nov. 3 University of Arkansas, Fayetteville, Ark., first eleven 

reports. 11.00 

Nov. 28 “ University of (blifoniia, Berkeley, Cal., report 1915.... 1.00 

Nov. 28 JLouisiana State University, Baton Rouge, Jja., report 1915 1.00 

Nov. 28 “ Universitv of Arizona, Tucson, Ariz., reports 1912, 1913 

1914,'1915. 4.00 

Dec. 2 University of Idaho, Moscow, Idaho, rei>ort 1914. 1.00 

Dee. 4 ** Marvlimd Btate (College, College Park, Md., reports 1911, 

i912, 1913, 1914, 1915. 5.00 

Dec. 7 ** Pennsylvania State College, State College, Pa., reports 

19()3 4, lOOfv 1906, 1907, 1908-9. 5.00 

Dec, 28 ** Annual dues paid during the yesT. 284.50 

$671.45 

Balance on hand. $374,21 


Respectfully submitted, 

C. P. CLOSE, Treasurer. 

The Auditing (bmmittee reported that it had examined the accounts of the 
Treasurer and found them to be correct, 

C. A. McOUE, 

T, a JOHNSON, 

J, P. STEWART, 

Committee. 
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ANNUAL MEETING AT NEW YORK, N. Y. 

1916 

THURSDAY, DECEMBER 28,10:00 A. M. 

The meeting was called to order by President Tilake. There was 
a good attendan(*e tiiroughout the two days’ sessions, the papers and 
discussions were exceHent, and the general sentiment of the mein- 
liers was that this was the best meeting ever lield by the Society. 


METHODS OF WORK IN PRUNING INVESTIGATIONS. 

Hy C. IL Connors, Experiment Staiion^ Xav Brunswick, X, J. 

One of the objects of the founding of the American So(*icty for 
Horticultural Science was the exchange of ideas and methods in 
scientific investigations in horticulture. Heretofore, results have 
been the main topic of most of tlie papers, only a few having dealt 
with methods. 

The pea(di pruning experiments here outlined form one of the 
most extensive projects undertaken by the Horticultural I)ei)art- 
ment of the New Jersey Experiment Station, and it was thought 
that an outline of tlie methods pursued might be of interest to the 
members of this Society. 

Peaches have been and are still grown in New Jersey on a large 
scale, and under different soil and edimatie conditions. This varia¬ 
tion in soils made it very desirable to <luplicate the experiments as 
a check, since the growth of peaches on different types of soil shows 
a marked difference and it was (*xpeeted that this difference would 
affect the pruning treatments. One of the exp>eriments was accord¬ 
ingly located at Vineland on ground adjacent to the fertilizer ex¬ 
periments already established, the soil being a sandy and gravelly 
loam. The other w^as located on the College Farm at New Bruns¬ 
wick on a gravelly Penn loam soil. This soil is the common red clay 
of the Trenton area, and is cornpostHl mainly of clay with a large 
l»crcentage of silt. 

Selection op Varities. 

In selecting the varieties to be used in these experiments, it was 
necessary first to choose commercial varieties, in order to make the 
experiments of practical value. A second consideration was the 
selection of varieties having different habits and character of 
growth. Third, the season of ripening was recognized as an import¬ 
ant factor if any summer pruning was to be practiced. 
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Three varieties, Carmaii, Elberta and Stump, were chosen as 
being typical of most of the commercial varieties. Carman is 
spreading in habit of growth, has strong twigs and is early in ripen¬ 
ing. Elberta is a mid-season variety of an upright spreading habit, 
with rather stock twigs, but is not an especially vigorous grower. 
Stump, a white-fleshed variety, ripening just after Elberta, of the 
Crawford habit of growth, is upright and vigorous, but usually has 
slender twigs. 


Skleotion of Prfning Treatments. 

AVhile theje are a comparatively few growers who do no pruning 
at all, investigators all recommend sonic style of pruning. These 
re<*oininendations fall into two groups: 

1: 1 "riming that would affect the growth of a tree or alter its 
form; and 

2 : Pruning that is so slight as to be almost negligible. The 
season of pruning is also to be considered. 

Tile widest variation in pruning practices are between the cut- 
b}i(‘k method and the not entdiack. The mechanical strength of the 
tree is also involved, hut no attempt is made to study this problem 
specitieally in the jiresent experiments, although it is to be studied 
incidently ns the various types are fairly well represented in the 
various treatments s<*lected. 

Obviously it was impossible to include all the ideas and theories 
of the growers in these experiments, so four pruning treatments 
wen* selected that, with the check, would represent the various 
methods recommended: 

(1) *'Not pruned/’ in which no pruning is done except to re¬ 
move dead twigs and branches during the dormant season. 

(2) “Winter not cut-back.” whereby the trees are allowed to 
assume the natural habit of growth, the only pruning being to re¬ 
move twigs and branches that interfere and to thin so as to admit 
liglit to tlie tree, all pruning being done during the dormant season. 

(2) “Winter eut-back/’ in which the trees are pruned during 
tiic dormant season the treatment consisting of thinning twigs and 
branches to admit light to the center of the tree, and of cutting back 
the leaders and side branches. 

(4) ‘"Winter and Summer,” a system similai* to the "‘Winter 
cut-back,” with the addition of at least one ‘"pinching back” of 
twigs during the growing season. 

(5) “Summer only,” essentially the same as the two preced¬ 
ing treatments as to form, except that all pruning is done during 
the growing season. 

A large enough number of individuals was planted to i^tieipate 
any loss through disease or other causes. At Vinelaad ten plots 
were planted, two plots for each treatment, so arranged as to cheek 
differences in soil. Five trees of each variety were planted on each 
plot. 
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At New Brunswick, nine plots were planted; one “not pruned 
and two of each of the other four. Each plot contained three 
Elberta, tviiQ^ump and three Carman. 

IHU^UBAL Treatment. 

The plots are all given the same cultural treatment. A com¬ 
plete fertilizer is applied in the spring and clean cultivation is 
practiced from the spring plowing until the middle of August, 
when a leguminous cover crop is sown. The usual spray (*aleudar 
for peaches is followed, applications l)eing made for scale and leaf 
curl in the dormant seasons and four or five summer sprays for cur- 
culio, scab, and brown rot. 

MKVSrUEMKNTS. 

In order to arrive at some basis of comparison as to the, relative 
growth of the trees in the various treatments, the cinmmferenci* of 
the trunk of each tree is measured at about six inches from the 
ground. Some of tlie trees, however, were allowed to bi*anch at or 
below this point, thus excluding these trees from this system of 
measurement. It was previously observed that trees sometimes 
made a top growth that was apparently not (‘ompatibie with the 
increase in trunk eireumference. Tf this be true, the circumrerem*e 
of the trunk would not form a certain basis for <»omparison, and so 
each year the actual growth in inches of ea(*h twig is taken. The 
measurement of the amount pruned off deducted from the total twig 
gro\^'th leaves the amount available for fruit prodmdion. These 
data will also serve to show whether or not there is any relation 
between inches of twig growth and inches increase in <*ircumferencer 
In addition to the measurements above mentioned, the height 
of the tallest twig and the width through the widest part of the 
tree and the height from the ground at which the widest diameter 
occurred have been taken since the third season. 

Analysis is made of twigs to determine the amount of dry mat¬ 
ter contained therein as affected by the difference in variety and 
pruning treatment. 


Metjiod of Harvesting. 

]p|9m a commercial point of view, the value of the pruning 
experiment must be estimated by the relation of the various systems 
of pruning to the amount and quality of the fruit crop and the 
economy of orchard management. Under the “not prunedtreat¬ 
ment the lower branches are allowed to remain while in the other 
system they are removed so as to clear the ground by about three 
feet. Two questions are involved: (1) Is the fruit borne on the 
lower branches of commercial importance? (2) Will the height of 
fruit production become stable or will it ascend with the growth of 
the tree? 
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The following system of harvesting the fruit is used: During 
the dormant season the trees are marked off vertically into sones 
beginning at one foot from the ground and then every foot up to 
the tip of the bearing wood. The markings are made by ringing the 
twigs and branches with w'hite paint. The fruit is picked, when 
mature, zone by zone. 

To arrive at the quality and size of the crop borne, the produc¬ 
tion of each zone is counted and weighed, and from tables previously 
prepared the average size of the fruits is determined from the aver¬ 
age weight. Notes are made of the quality as regards color and 
blemishes at the time of picking. After the June drop, the trees in 
the plots are thinned, the time required being noted and the number 
of the immature fruits removed from eaeh variety on each plot is 
calculated on a basis of average weight. 

Further EcoxoMre Data. 

Bacli time the orchard is sprayed, a record is made of the 
amount of spray material used on eaeh row and the time required 
to apply it. 

The time required to prune eaeh tree is also taken, the prun¬ 
ing eaeh time being done by the same person or under his direct 
supervision. 

In addition, the life history of a number of individuals in the 
<‘xperiment is kept by means of photographs taken each year before 
and after pruning. Specimens were selected that would show as 
far as possible the ideals for tlie various treatments, as established 
by the investigators. 


MONOGRAPHIC STUDIES WITH FLOWERS. 

By a. r. Beat., Cornell Vniirrsif}/, Ithaca, X. Y, 

After the organization of the experiment stations, the subject 
of variety-testing re(»eived considerable attention for a few years, 
but in recent times tlier(» has been a tendency to belittle the import¬ 
ance of any study of varieties. One reason for this attitude is 
based on the betei*ogeneous character of much of this early work. 
It appears to have been assumed that the season’s novelties in fruits, 
vegetables and flowers could be sent to a poor defenseless station 
horiiculturist who could give each his undivided attention during 
growth, and finally render expert opinion upon the merits of eaeh 
aspirant for popular favor. As we look^ back upon this period, the 
wmnder is that the horticulturists acquitted themselves as well as 
they did. Of course, after five or ten years of this thing, they con- 
(duded that each year began and ended at about the same spot and 
that little or no progress was being made. The whole trouble waa 
that miscellaneous testing did not arrive anywhere. A close paraH^l 
would be the results secured if soil experts, in obtaimng a knowledge 
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of the soils of the state, contented themselves with miscellaneous scat¬ 
tered samples sent in by farmers instead of acquiring their informa¬ 
tion by means of systematic and thorough surveys. If the old-type 
variety studies are similar to work of the fonner, the new-type 
variety studies are at least comparable to the soil surveys. 

Another reason for tlie decline of this work may be due, to some 
extent, to the fact that horticulturists reflect the general attitude 
toward taxonomic work. It has been complained that tlie modern 
scientist regards the taxonomist as unscientific. So far as this atti¬ 
tude affects work with plants, it is very short-sighted; for without 
absolute accuracy in the names of tlie plants employed in any ex¬ 
periment, any scientific superstructure (no matter how perfect 
otherwise) is reared on shifting sand. 

Likewise, some horticulturists appear to take somewhat the same 
attitude toward any consideration of varieties. Even a little 
thought upon the subject should eonvim^e anyone that the variety is 
a eonierstono of success in practical work. Tnless the variety is 
adapted to the soil and (dimate, and jneets flu* market requirements, 
even unusual cultural skill will go unrewarded. Cultural practices 
must be modified to satisfy peculiar vari(dal requin*ments. If we 
admit, then, the importance of the variety as a factor in smteess, 
and also its influence iqmn methods of practice, why should not a 
true horticulturist study varieties/ It would seem that the man 
who regards the work as unsci(‘ntifi<* is only advertising his own 
superficiality or la(‘k of proper ])crspe<*tive. 

An examination of Ihe investigations along this line reveals the 
fact that some excellent work has been done with Fruits and vege¬ 
tables. Since Cornell Tniversity has done more with flowa*rs than 
lias any othcT* institution, it was thought desirable to })res(‘n1 some¬ 
thing corieeriiing our methods of work. 

Our first and most imjmriant studies upon flowers ar<* the result 
of co-operation between tioricultural soeieties and the de])artment 
of floriculture, or its i)i(Mlecessor the <l(?partment of boiticulture. 
The society in each case lias ('Oiitrihute<l the seeds, bulbs or plants, 
or has used its influeii<*es to se<'ure the material from foreign grow¬ 
ers. The work upon peonies, sweet peas, gladioli and roses, has been 
carried out under co-ojxfrative arrangements of this kind. If the 
work has been sin^cessful, much credit is ducj the societies for their 
support. The work on all these subjects, except the latter, has been 
in charge of graduate stnd(*nts, usually those who w^ere candidates 
for the doctor’s degree, 'i'his arrangement lias probably succeeded 
because none of the work has been entrusted to any but mature or 
brilliant students. It may be noted, also, that these men have been 
connected with the departmental staff as assistants or instructors, 
and therefore not under great financial pressure to finish their work 
in a miniTuum time. 

The investigations on the phlox and iris differ in not being sup¬ 
ported by special societies, but the material has been contributed by 
interested growers. 
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If competent students are entrusted with the work, which is as 
carefully supervised as all graduate work should be, no difRculty 
will be experienced in properly handling it unless the problem is 
so large that the first man cannot bring it to reasonable completion. 
There is a loss of efficiency in transferring an investigation of this 
type to another person. Some time is lost while the second man at¬ 
tains a thorough grasp of the subject. Interruptions of this kind 
may lead to friction between the organization and the department. 
All large investigations should be placed in the hands of men who 
are permanent, and only such pieces of work entrusted to assistants 
as may 1 m‘ reasonably completed in three years. 1 have alluded to 
this matter because it is exceedingly important in co-operative work, 
but should also be taken into consideration in undertaking any 
studies of this kind. I think we will agree that those stations which 
have done most in variety studies with tree fruits have been those 
which have had the fewest changes in supervision and have given 
most <*areful (Consideration to selection of men to continue the 
investigations. 

After the problem has been a.ssigned or 1ms been chosen by a 
student, what is the first step!? In our experience we would say, 
study all of the available literature. If the time is short before 
planting must begin, a rapid survey will enable the investigator to 
get a grasp of the botany and evolution of the plant. A card index 
of all the existing varieties and species in current trade lists is 
mad(*. I]ffor1s arc made to se<mre varieties that are not contributed 
by tlu^ inembers of the society. Not all the gro^v(‘rs of any (^rop 
arc' members of horticultural societies, nevertlieh^ss th(\y may be 
very mii(*h in sympathy with the objects of the inv(‘Stigation. Cor- 
r(*spond(oi('f' is opened up with botaiiical gardens and other collect¬ 
ors for the purpose of securing as many specnes as possible, even 
though IhiW may re(]uire glass protection. The best methods of 
culture for the ilifferenl speeics or types must be ascertained from 
publications and by correspondence. Tlie luiniimun number of 
plants \vhi(di will afford a fair test is grown. This is important if 
the nuiiiber of varieties is large or if many of them are expensive. 
The material sent in should be given an accession number or a field 
number, and bo kept track of by number rather than by name. 
Unnamed seedlings or novelities, of which there may not l>e a pub¬ 
lished description, should h(^ accompanied by as (complete a descrip¬ 
tion as the donor can give. This information is necessary for a 
proper arrangement of tin* varieties on the trial grounds, for if the 
various lots of material <*an be (dassified so as to bring together those 
of similar color, etc., much time may be saved. If grown side by 
side, suspected synonyms may be definitely determined; whereas if 
grown elsewhere, even in the same plot, there may be some reason 
to doubt the final conclusion. 

A very important consideration is the kind of data to be taken 
and the method of recording. With flow^ers that are in bloom but a 
short white, the time element in recording data must not be ignored. 
We have found it desirable to use description cards or blanks for 
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rapid recording in the field. These cards are prepared by a study 
of the structure of the fiower and of the characters of the plant. 
A study of the best descriptions in journals and catalogues will 
yield the student a collection of descriptive terms which he can sift 
with his knowledge of botany. A tentative blank is then prepared 
and tested in practice. It is then revised and again tested before 
the card is printed. The use of the descriptive card insures that 
each plant character will receive consideration in studying each 
variety. Without it, unusual or outstanding features or characters 
may receive undue attention while others may be forgotten. It 
scarcely need be said that every bit of information concerning the 
success or failure of a variety should be recorded- The suscepti¬ 
bility to disease or insect attack should also be noted. In all the 
work, while recording data in the field, no attention should be paid 
to any published descriptions of the varieties included in the test. 
As far as possible, the descriptions should be made independently, 
and to eliminate the influence of publications issued by interested 
persons the varieties are grown under numbers. 

The chief criticism of existing descri])tions of flowers is the lack 
of system in color nomenclature. It is x>robable that there is noth¬ 
ing upon which there is as great difference of opinion as color. A 
color standard is employed, and the flowt*r coJoi*s carefully com¬ 
pared. We have used the Repertoire des (,V)leurs, published by 
Rene Oberthur et Henri Dauthenay, under the auspices of the 
French Chrysanthemum Society. It was adopted by the Royal 
Horticultural Society of Great Britain, the American Peony Society 
and the American Gladiolus Society. More recently Ridgeway’s 
Ghart appeared, and there has been an unsual effort to get this 
adopted. The agitation for the most part has b(*en directed by per¬ 
sons who have never seen the first-mentioned (‘hart or who have had 
little or no experien(‘-e in using any (diart in any extensive way. My 
own experience with the latter chart is that it is deficient in reds, 
but more satisfactory in lavenders and blinds. It is more convenient 
to use, more expensive and offers a small(*r bit of (*olor against whi(‘h 
to match. It is claimed that the Ridgeway (’hart is seientifi<uilly 
prepared, and therefore it can be more a<‘(nirately reproduced. Par 
certain kinds of work, doubtless it is very satisfactory; but it does 
not seem to have been prepared with flower colors in mind. Thus 
far we prefer to use the standard that has some official recognition 
from horticultural bodies and Which in general has proved, after 
thousands of color determinations and (*omj)arisons, to be most satis¬ 
factory. After all, the important thing is to use some readily 
available standard so that when a (tolor is said to be Tyrian rose or 
lilac rose, we may know exactly what is meant. 

As soon as possible, each d<*K<*ription should be written out as if 
for publication. If the flower is on<* which has a long period of 
bloom, this should be done before the end of the season. At the 
end of the year we find it desirable to send a report to those who 
SOTt in seedlings or novelties. Sometimes the record will be ques¬ 
tioned, but in almost every case it resulted in a new consigUmeut 
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of Stock for further triaL Such consignments should be tested side 
by side with the previous shipment. These cases are carefully 
watched as they bloom, and if the points in question are apparent 
in the second lot the description is altered. If the two agree and 
do not show characteristics claimed by the grower, he is asked to 
send in sample blooms. This is done not so much to help out any 
individual, but to protect the co-operating organisations and 
through them the flower-buying public. The aim in all this work is 
the distinctiveness of the variety and its right to exist and bear a 
name. In our gladiolus investigations we have been peculiarly 
fortunate in having received a large number of unnamed seedlings 
for testing alongside the large collection of named varieties. Our 
judgment has been followed, I think without an exception, and we 
feel that we have aided in reducing, to some extent, the list of new 
varieties which might have been offered. 

Bach year the descriptious are checked up with thost' made the 
previous year, and the differences, if any, are recorded. Through¬ 
out the work the idea of classification is not lost sight of, and 
characters which may be used to throw the varieties into groups are 
sought. Those characters should be readily apparent and therefore 
easily understood by the grower. All kinds of plants with many 
varieties are usually susceptible of some kind of grouping or classi¬ 
fication. The one that has given us most trouble is the gladiolus. 
In this even the old characters of tiandavensis Lemoinei, Nancei- 
anus and Childsii no longer hold because they have beam lost 
through crossing. No classification we. couhl make M'ill hold, so in 
despair after six years’ study we have published alphabetically the 
very long list of the varieties of this flower. Each description is 
published complete and includes information as to the originator, 
introduc<*r, ilonor, the synonyms, if any; and when it can be re¬ 
ferred to any of the above-mejitioncd gn>np.s. it is so referred. 

If the work has been thoroughly done and the worker persisttmt 
in securing varieties of all existing tA'pes as well as all the available 
spe(*ie8, ami if he has carefully studied all the plates, cuts and 
figures of the olxsolete types, he has the most thorough knowledge 
possible of what tlie evolution of the plant has heen.' In fact, he 
will have much of the evidence right before his eyes when he is in 
the field so that if he lives with his problems, he should know at 
least one plant thoroughly. Thus he acquires his facts aud should 
be able to organize and prescoit them in sometbing like monographic 
form. The work is taxonomic in character differing chiefly in the 
fact that the varieties arc grown together at one place and also 
because no studies are made on dead plants if a live plant is obtwn- 
able. "We are aware of the drawbacks to a concentration at one point 
and wish to say that in every cj^ thus far we have not published any 
floricultnral mont^raph that did not include some studies made out¬ 
side of Ithaca. 

Nomenclature questions arise aud must be settled. If they could 
be settled by the application of the rule of priority in the offhand 
manner used by the botanists, the question would be simplifled; but. 
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unfortunately, in these cases the investment is often considerable 
and a decision in the matter is far-reaching if it has weight at all. 
After a good many years ^ experience on nomenclature committees, 
1 want to say that there is a remarkably fine spirit among the florists 
to do anything to clarify existing nomenclature. The same experi¬ 
ence has shown that registration without testing is worthless except 
with forcing varieties of roses, carnations and chrysanthemums 
which arc at present very closely supervised by the societies 
especially interested. The great mass of flower novelties do not 
have to pass such critical examination. If monographic studies 
exert their maximum influence for good, they should serve as a basis 
for the solution of vexing questions of nomenclature. 

In conclusion, it may be said that a study of this kind properly 
carried out will be found to fairly bristle with all kinds of problems 
concerning the growth and care of the plants. Instead of being the 
end, it will be for the person who loves the i)lants he has dealt with, 
only a beginning. 


GARDENIA STUDIES. 

By C. H. Conisors, Experiment Siaiion, Xvw BrmisivicJi, N. J. 

The gardenia (Gardenia Veitchii) is a special greenhouse crop 
which is not grown as commonly as roses aiul carnations due partly 
to the fact that the culture of the plant is somewhat diffleult and 
the so-called secrets of handling it are retained by the successful 
growers, and partly to the high price of the blooms, which naturally 
pre(*ludes a wide demand. 

Perhaps the greatest trouble encountered in the (uiltivation of 
this plant is that known as ‘\vellowing.'’ This yellowing of the 
foliage sometimes is present on the yoiing stock in pots, but it 
usually occurs on the plants in the benches from tlie middle of the 
season on. This yellowing is of two kinds. The leaves of the grow¬ 
ing parts take on a yellowish appearance, the veins remaining green. 
A later stage is the formation of brown spots much like burning 
along the margin of the leaves. In the second form, the old leaves 
are mottled with orange-yellow. As a result of this discoloration 
the leaves cannot function, and restricted growtli and malformed 
flowers ensue, with dropping of the buds, and shedding of the 
leaves in the case of the Siicond kind and in the ease of the first of 
the extreme burned-like appearance. A yellow condition of foliage 
occurs with other greenhouse plants. Yellowing of the foliage of 
American Beauty roses can be induced by excei^ive nitrogen and by 
soil acidity. Killarney roses are particularly susceptible to soil 
acidity, the foliage becoming yellow witb a slight percentage of 
acidity. 

The cause of ‘‘yellowing’’ in gardenias has been ascribed to an 
infectious disease and to “club root.” 

In the spring of 1916, a grower of gardenias on an extensive 
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scale called the attention of the Horticultural Department of the 
New Jersey Experiment Station to the very yellow condition of the 
foliage on the flowering plants in the beds, and also upon the young 
stock recently propagated for the next season’s planting, and 
desired to know the reason for it. 

An attempt was made to determine the cause by inspection. The 
plants were growing in a rather sticky clay soil that dried out 
slowly. The nature of the growth of the gardenia is such that the 
soil becomes full of roots which appear at the surface, evidently in 
search of air, thus precluding the stirring of the soil. The tips of 
the rootlets were club-like in form and the other exposed parts of 
the root systems showed further nodules which were found to be 
caused by nematodes. 

The house foreman was conducting a series of tests with various 
fertili/.ing materials to control the trouble, but with no apparent 
success. 

In rt*sponse to his plea, an experiment w as outlined for the next 
season. It seemed from the inspection that the cause of the yellow 
condition of tlie foliage might be due to the texture of the soil. 
Another contingent factor might have been a question of fertiliza¬ 
tion. The experiment was plailned to include soils of various 
textures, wdtli various amounts of a readily available nitrogenous 
f(TtiIizer. In addition, a distinctly acid *soil was also used. 

Desohiptiok of S()ir>s. 

Tin* leaf mold used w'as a very t^oarse material. It Avas taken 
from a swampy place and consisted of leaves in various stages of 
de(*omposition, fibrous roots, and small twigs. There was very lit¬ 
tle clay in it. This material had a w^ah»r-holding capacity of about 
DO pi'r ('cnt, but it w'as so coarse and open that even with this high 
watt r-holding eapjuity good aeration was possible. This material 
W'as used on plots 1 and 7. 

liots 2 and 8 had two inches of leaf mold in the bottom of the 
bench in which the young plants were placed. After benching, 
thrc^e inches of sphagnum moss were added. 

The red shale used was the Penn loam common in Central New 
Jersey and Pennsylvania. It is a rather heavy soil containing a 
large pcrcentage of silt. The soil used was alfalfa sod and reacted 
alkaline. This soil w'as used for two mixtures. Plots 3 and 9 re¬ 
ceived red shale with 50 per cent ‘‘humus” and plots 5 and 11 
re<*eiv(Ml red shale with 20 per cent composted cow manure. 

The “humus” used in plots 3 and 9 w^as a commercial form of 
ground “liurnus.” The 50 per cent inixtnre had a water-bolding 
capacity of about 90 per cent. Previous work with this material 
had shown that it lacks capillarity. The water-holding capacity 
of this mixture is misleading, however, as a large part of the water 
does not seem to be available for the use of the plant Being finely 
ground, this “humus” mixed with the red shale will not prevwt the 
soil from settling. When first placed in the bench it is open, but 
later seems to settle. 
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The mixture of red shale with 20 per cent composted manure 
had a water-holding capacity of about 62 per cent. 

The sandy loam soil used was from a meadow that had not been 
cultivated for about eight years, and was so poor that nothing much 
grew upon it except brambles. It was distinctly acid in reaction. 
The soil had a water-holding capacity of 52 per cent, while the addi¬ 
tion of 20 per cent composted manure increased this to 56 per cent. 
The clay loam soil secured from the grower had a water-holding 
capacity of about 65 per cent. 

Outline of the Experiment. 

A ])ench in one of tlie rose houses was selected for the experi¬ 
ment and this was divided inlo fourteen jilots each about 3 feet 4 
inches Jong by 4 feet wide. 

There were two series of six plots of the soils mentioned above: 
Leaf mold, Jeafinold and moss, red shale with 50 per cent ‘Miumus,’’ 
clay loam, red shale with 20 per cent compost, and sandy loam with 
20 per cent compost. The first series, plots 1 to 6, inclusive, were 
to receive a semi-monthly application of 100 grams of high grade 
tankage; and the second series, plots. 7 to 12, inclusive, 50 grams. 
Plots 13 and 14 were to receive 75 grams of tankage semi-monthly. 
Plot 13 was sandy loam with 20 ])er cent compost, plot 14 was 
sandy loam, which was distinctly acid and re(*eived 2000 grams of 
ground limestone, ^^hich would be at the rate of about 6 tons to the 
acre. 

The plan may be semi })y referring to table No. 1. 

Conduct f)P the Experiment. 

The ])lauts used wer(‘ secun^d from the grower previously men¬ 
tioned. These weiv benched on June 7, 1915, being planted 12 inches 
by 16 inches, twelve plants to the plot. Six of these were from 
3-iiich pots and six from 5-inch pots. At the time the plants were 
benched, there was a slight yellowing of th(‘ foliage on all and it 
was noted that the roots of all W(‘re infested with tln^ nodules caused 
by nematodes. 

Fertilizer applications began August 3 and were continued every 
two Aveeks until April 14, except the Deeember 1 application, which 
was omitted. 


Measurement of Growth. 

Measurements were made of the height of the plants on July 7, 
one month after planting, on August 7, and on September 25. The 
plot averages are shown in table No. 1. 

The measurement of July shows the leafmold plots to have the 
best growth. Sandy loam with 20 per cent compost ranks second 
and shale with 20 per cent compost third. The moss plots are lower. 
The poorest plots are the shale with 50 per cent * ‘ humus, with the 
clay soil a little better. 



CARDKNIA STTIDIBS. 


25 


Table No. 1. 

AVERAGE HEIGHT OP GARDENIA PLANTS AT DIFFERENT 
STAGES OP GROWTH. 


Soil 

Plot 

Feed 

Average Growth, 1 
. 1 

'nches 

Height of 
Average Plant 
April 14 

July 7 

Aug. 7 

Sept. 25 

I>ear mold . 

1 

High 

9.00 

14.70 

25.60 



7 

Low 

9.58 

14.04 

24.54 

34.5 

M OSS . 

2 

High 

7.88 

13.00 

23,58 





! 8 

1 

Low 

7.90 

12.08 

22.75 

37 

Shale jiliis 50 per 

3 

High 

6.67 

7.75 

10.91* 


cent ‘ * humus ’ * 

9 

I.<ow 

7.23 

8.50 

10.63 

14 

Clay loam . 

4 

High 

7.56 

10.96 

18.63 



10 

Low 

7.44 ! 

i 

11.25 

18.13 

22 

Shale jilus 20 per 

5 

High 

8.00 

12.69 

22.00 


cent ('ompost .. 

11 

Low 

9.10 

~ 13.79 

23.71 

30 

Sandy, loam phis 
20 per cent 
compost . 

i « 

1 

r High 

8.93 

14.15 

24.04 


} .... 

12 

Low 

8.h:i 

13.47 

24.17 

32 

Sandy loam jiliis 
20 per cent 
compost . 

1 

13 

Alodium 

1 

9.10 

i 

{ 13.69 

23.96 


Sandy loam ]>lus 
2000 ^Trains lime 

14 

Medium 

7.42 

1 12.04 

23.25 

* 


* Four plants dead. 


Tlie measurements made August 7 show the same relative rank¬ 
ing as on July 7, but the “humus” plots have fallen behind. Sep¬ 
tember 25 found a general increase in growth, the moss plots taking 
second place, but the “humus” plots have fallen considerably be¬ 
hind and four plants have died on plot 3. These plots continued to 
decline. By October 15, plot 3 had lost five plants and plot 9 had 
lost six. At the time the plants were removed from the plots on 
April 14, plot 9 had lost ten of the original twelve plants. 

The leafmold, moss and sandy loam plot (6 and 12) maintained 
a vigorous growth throughout the whole season; the foliage being 
the glossy, dark green color desired. As the season advanced, the 
shale with 20 per cent compost plots {5 and 11) became sli^tly 
discolored as to foliage, but the growth on these plots continued 
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vigorous, however. The clay loam plots (4 and 10) grew very 
slowly and remained discolored throughout the entire season. 

Plot 13 (sandy loam with 20 per cent compost) gave a good free 
growth with glossy dark foliage throughout the season. Plot 14 
(sandy loam with 2000 grams ground limestone) produced fairly 
free growth, but it was slender and there was some discoloration of 
the foliage. 


Yield in FLo^^^RS. 

The monthly yield in flowers for each plot together with the 
total yield and the nimiber in each grade is sliown in table No. 2. 


Table No. 2. 


T(>T\L YlKlil) OF FUJWKRS VND NUMBER INT EACH ORADK. 


'Fotal Yield of Elowers 


Soil 

is 1 I'Ved 

IS 1 

' o 

•AO.Kt 

1 i 

Q 

lljiiil 

Apr. 

Total 

I^af mold .... 

l{ High 1 

j... 

i i 

|...i 


1 J 1 ! 

1 ’i ^1 


7 1 Jx)\\ 11 ... 



! •”^1 ’^1 

1 '^1 =^''! 

!M083. 

-| -High jj... 

l...l 

2 

1 2«1 5; 4; ill 4h| 


1 <Sj 1^)VY 1 


1 


1 12i 22| 2l| 

j 20| 7.i| 

Shale plus 50 

1 ! i 

1 

1 1 


1 i I 1 

! 1 

per cent 

1 .■!' High 1 

1 ' ^ 1 

( 1 

i 

x 

1 14! 41 3 

; 51 381 

mus’^ . 

i 9i Low 1 

i... 

! 

s 

1 ''1 ’•'■’i--- 

1 

Clay loam.i 

i •+! II’kIi j 

! 1 

r-T| 

TT. 


i 3] r.j 

, 

[ 10j Low 1 

1 

! 

i 

:...J 5! 12] 

IHI 41] 

Shale plus 20 

1 ii 

1 i 

[ j 


1 ! 1 i 

i 1 

per cent com¬ 

5j High j|... 

' 't 

,... I 

1 

1 ”1 

|...| Hi| 

post . 

11| IvQW 1 

1 'i 



1 sni5! 


I Grades 

Is."! F. i'X 1 T 


3 | Ij... 

m| io| 3 

"25 f 9["7 


19 i 10 


Sandy loam plus 
20 )>or centj 

compost . 

Sandy loam plus 
20 per centl 
compost . 

Sandy loam plus 
2000 grams 
lime . 


Totals 


19| 2S| 19| 

! ; 1 

Ij 3j 241 10 

' 21 |""T 


61 High I 

12\ I^w I 


13|Medium 


141 


I 


4| 19j 13| 1 

0| 221 72| 37 


Ij lj...| 18| 61 


i 


12| 25 


1 

150 


45 


32 


24 


G 

16 


24 


164 


4311 18 
1481 j 85 


137 


72 


66 


13| lOj 2 
31I 25I 7 


35! 171 19 


I 38j 271 6| 1 


120|S06||34lj212 


insj 95 
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The system of grading is as follows: 

Flowers having stems over 12 inches.Special (S) 

“ “ “ between 10 and 12 inches... Fancy (P) 

“ “ “ “ 7 “ 9 “ ...Extra (X) 

“ “ “ “ 4“ € “ ...No. 1(1) 

“ “ “ “ 3 4 “ ...No. 2(2) 

It will be noted that those plots which received the lighter appli¬ 
cation of nitrogenous fertilizer gave a greater total yield than the 
high-fed plots in the case of every soil mixture except the "humus.” 
When you consider, however, that the low-fed "humus” plot 
(No. 9) lost nearly all of its plants before the end of the season, 
this mixture may be disregarded in that comparison. 

The greatest total number of blooms was recorded as cut from 
two sandy loam with compost plots (Plots 12 and 13). The next 
highest was from the shale with 20 per cent compost (Plot 11). The 
clay loam plots (4 and 10) did not bear many flowers until the very 
end of the season, and the blooms were nearly all No. 1. The 
growth on these plots, it will be noted, was somewhat restricted. 

The two treatments that made the best growth were among the 
lowest in yield; viz., the leafmold and moss plots. Since the value 
of most flowers lies in the length of the stem, the quality of the 
blooms being equal, these plots should have shown to better advant¬ 
age. However, the probabilities are that with a different method 
of bud selection, much larger yields would have been secured from 
these plots. 

At the close of the season, an average plant was lifted from each 
treatment and measured and photographed. Another plant was 
lifted and the soil very carefully washed from the roots in order to 
determine the amount of nematode infestation. It will be recalled 
that all the plants had nodules when benched. 

The heights of these plants are shown in table No. 1. It will be 
noted that the moss plot has taken first place in the measurement 
of growth, leafmold having fallen to second place. The other treat¬ 
ments rank the same as shown by the measurements made Septem¬ 
ber 25. 

It was found that the primary roots in all cases had a twisted, 
gnarled appearance, this being due to the nematodes in the roots at 
the time of benching. A considerable amount of variation was found 
in tlie secondary root systems. 

The plant taken from the leafmold had a very vigorous growth 
and a large growth of fine roots, but only a few nodules were found 
on the tips of the rootlets. The plant grown in moss had a g^t 
root system that almost entirely filled the moss. As in the previous 
case, a few nodules were found on the ends of the rootlets. When 
the dwarf plant from the "humus” plot was examined, it was found 
that the roots resembled bunches of grapes, so thick were the 
nodules. The clay loam plot produced a plant that had a “hard" 
condition of growth and was partly defoliated. The root syutem 
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was fairly good, but a considerable number of root-nodules were 
found. The plant from the shale and compost plot was vigorous 
and covered with buds, but was slightly discolored as to foliage. 
The root system was good, but there was a number of nodules, 
though not nearly so many as in the clay loam. A few nodules 
were found on the plant taken from the sandy loam with compost, 
but the root system was very vigorous. 

The conclusions drawn from tliese data seem to point to the 
nematodes as one of the factors in the yellowing of the foliage of 
gardenias. On open, porous soil mixtures the plants seemed to out¬ 
grow the original infestation of nematodes, although no reason for 
this can be given. The lime added to the soil did not seem to benefit 
the plants. 

Nematode and Lime Stodies. 

Since the conclusion was drawn at the close of the season of 

1915- 16 that nematodes were one of the causative agents of “yel¬ 
lowing’’ in gardenias, an experiment was planned for the season of 

1916- 17 to test their potency in causing this trouble. Two types 
of soil mixtures were used, sandy loam with 20 per cent composted 
manure, and red shale composted with 25 per cent manure. In 
order also to study further the effect of lime upon the growth of the 
plants, various amounts of ground limestone were used upon some 
of the plots. 

Table No. 

AVERAGE HEIGHT OP GARDENIAS AS AFFECTED BY LIME AND 
NEMATOJ>ES. 

December 12, 1916. 


1 

j 

Ground 

Limestone 

No Nematodes j 

t 

Nematodes 

i ^ 

Soil 

Plot 

Average 

Height, 

Inches 

Plot 

Average 

Height, 

Inches 

Sandy loam and 20 
per cent compost 

4000 grams 

1 

30.42 






Sandy loam and 20 
per cent compost 

2000 grams 

4 

30.91 

8 

25.11 

Sandy loam and 20 
per cent compost 

none 

5 

33.19 

9 

24.39 

Shale and 25 per 
cent compost ,.. ! 

2000 grams 

2 

31.23 

6 

26.73 

Sihale and 25 j>er 
cent compost ... 

none 

.3 

30.39 

7 

28.42 
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The same bench was used as in the previous experiment. All 
soil was removed, and the bench was scraped and sprayed with 
formaldehyde and also with lime-sulphur 1 to 9. Fresh soils were 
used without sterilization. 

The bench was divided into nine plots each about four feet 
wide by five feet long. An outline of the treatment is shown in table 
No. 3. The limestone applications w^ould amount to 5 tons per acre 
in the case of the 2000 grams per plot application. 

Plots 6 to 9, inclusive, were inoculated with nematodes by 
spreading over the surface of each plot a quantity of pieces of roots 
containing nodules. Plot 6 was separated from plot 5 by a cement 
partition. 

The plants used in the experiment were propagated in our own 
houses, and at the time benched were of a fine color and the roots 
were apparently free from the nodules of nematodes. These were 
benched the latter part of June. 

The plants on these plots were measured on Deci^mber 12, and 
the average height of the plants in each plot is shown in table No. 3. 

While the differences in growth are not so marked as in the 
previous year, there is sufficient evidence to substantiate the prefer¬ 
ence of tins plant for an acid soil and for an open soil. The best 
plot is the no lime plot of the sandy loam soil, plot 5. The appear¬ 
ance of this plot is the best also. The foliage on plots 1, 2 and 3 
(sandy loam with 4000 grams of lime and the shale plots) is begin¬ 
ning to lighten in color on the growing tips. 

The plants on the plots inoculated with nematodes are slender, 
not free growing and are not so tall as those on plots not inoculated. 
In addition, the foliage is scanty and began to turn yellow in the 
latter part of September. On plot 9 (sandy loam, no lime) the roots 
of the plants an* covered with nodules and the older leaves are be¬ 
coming mottled and are beginning to drop. Plot 6 (shale, with 
lime) is the poorest plot. The leaves are nearly all yellow and have 
the brown areas much like burning in the margin. 

On December 26, the foliage on a few plants on plot 1 (sandy 
loam, 4000 grams lime), plot 2 (shale with 2000 lime), plot 3 (shale, 
no lime) had become rather yellow. The roots of some of the plants 
were examined and apparently no nodules were present. The ex¬ 
posed root-tips, however, were dead, markedly so on plots 1 and 2. 

The conclusions that may be drawn from these two experiments 
are: (1) That the gardenia prefers a light, open soil texture rather 
than clay and other compact soil types. (2) The gardenia does not 
like lime, it succeeds on a soil that is slightly acid and had done well 
on a noticeably acid soil. The effect of the lime seems to be to 
restrict root action by possibly causing in some way the killing of 
the tips. (3) The presence of nematodes in the soil with the re¬ 
sultant root nodules is detrimental to the gardenia. Where nema¬ 
todes occur, the plants are checked in growth and the leaves mottle 
and fall. 

In the first year's experiment, the presence of the nematodes and 
the marked difference in their effect upon the different soil typeii 
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confused results as to the effect of the different soils. Why the 
nematodes should thrive in a compact soil and not thrive in the leaf- 
mold and moss, we are unable to say. 

Yellowing of the foliage of gardenias may be caused by anything 
that will restrict or injure the root growth. Among factors that 
cause this are a compact soil, lime, and nematodes. 


WHAT SCIENCE HAS DONE AND WILL DO FOR FLORICULTURE. 

By E. a. White, Cornell University^ Ithaca^ N. Y, 

In this age of intense specialization in all horticultural practices 
it may be well to review some of the scientific factors which have 
played and are now playing such an important part in the develop¬ 
ment of ornamental plant production. 

In the earlier periods of agricultural education the term 
horticulture covered a wide range of subjects. In many agricul¬ 
tural colleges the horticulturist was expected to teach forestrv% 
landscape gardening, plant breeding, pomology, vegetable garden¬ 
ing and floriculture. In some cases he was also expected to teach 
botany, entorriology and other sciences. In fact, it was expected the 
instructor would be capable of teaching all subjects which pertained 
in any way to plant life. Not only was he expected to teach these 
subjects, but much of liis time was required for the administration 
of the business of his department, also for research and for what 
we have come to know as extension teaching. 

This field was altogether too broad for the ordinary man to 
master, although certain horticulturists did make a marked success, 
even when handicapped by the requirements of siKdi a broad field 
of duties. The scope of the work was nevertheless too varied for 
the best results. 

The last decade has witnessed a decided change in all lines of 
agricultural teaching. What was formerly designated as agricul¬ 
ture in the curricula of land-grant colleges, has been sub-divided 
into dairy industry, animal industry, poultry raising, farm crops, 
and subjects of a like nature, until there is now no distinct course 
in general agriculture given in some agricultural colleges. 

The same trend toward specialization has been noticeable in 
horticultural subjects, and the old idea of horticulture has been 
merged in the development of special departments, such as land¬ 
scape gardening, fruit-growing, flower-growing, forestry, vegetable 
gardening, and the like. This is an age of specialization, and the 
administrators of agricultural colleges have come to appreciate the 
fact that no individual can teach satisfactorily a wide range of sub¬ 
jects, requiring such intensive application, as to those dealing with 
special phases of animal and plant life. 

In the earlier periods of horticultural teaching, major attention 
was given to fruit culture, some emphasis was laid on landscape 
^rdening and vegetable culture, but little attention was given to 
instruction in flower growing, A few agricultural colleges had 
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ranges of glass where some flowering plants were grown, but these 
were largely plants of botanical interest rather than of commercial 
importance. About ten years ago a Department of Floriculture was 
organized at the Massachusetts Agricultural College and distinct 
cou3*ses in commercial flower growing were offered. A little later, 
courses in flower growing were developed at the University of 
Illinois. So far as can be learned, these were the first attemjpts in 
this country to train men in a broad way in distinctly scientific 
aspects of the subject. Since that time, courses in floriculture have 
been introduced into the curricula of many agricultural colleges, 
and much investigational work along flower-growing lines has been 
undertaken. In the larger number of instances, however, this work 
is still intimately connected with other branches of horticulture, and 
the w’ork is being done by men interested in other subjects. 

The application of scientific principles to floriculture is, there¬ 
fore, of (comparatively re(*ent date. The flow'er-growing business, 
however, is an old one. In the early days of American flower pro¬ 
duction, c'oinriK^rcial grow (‘rs of flowering plants re<*nghized the need 
of but few’ scientific principles. The greater number of these florists 
received tlieir training abroad, and the apprentice system through 
wdiich this was ()l)tained, taught methods rather than principles. 
Th(‘se men learned to grow plants and to know* under w^at condi* 
tioiis they attained their best development, but they knew littk of 
the reasons for tlicdr su(‘(*esses and failings. During the last decade, 
c*onditions have (‘hanged in a marked degree. The demand for rare 
flowers of better (luality has steadily increased, aiid with this de¬ 
mand there has (‘ome a keener (‘ompetition. This (competition and 
the demand for better products have made it ne(*essary for present- 
day ]ead(*rs in the flower-producing industry to call on science for 
every assistanc(c ]>ossil)le, so that tlucre should be Ixdter methods of 
prcxiuction and th<\s(c at the least possible expens(^ The margin of 
profit ill the flow’er business is not a broad one. 

In the earlier periods of w*ork in teaching flori(nilture, the writer 
met with but little em^ouragemeiit from men engaged in the busi¬ 
ness. Tlnnr oiiinion of the (‘oursi^s at the agri(Miltural colleges was 
often expressed in terms far from eomplimentary. Within recent 
years the horizon has broadened and many men w’ho at first 
ridiculed the teaching of floriculture in agricultural colleges have 
so completely changed their opinion that they are now not only eager 
that their sons should take work in these institutions, but they are 
offering most cordial (co-operation in every w^ay possible. To illus¬ 
trate this point 1 would like to quote from a re(ceTit editorial in 
‘^Horticulture’’ entitled, “We’re (letting There.” 

“The trend of interest in the experiment stations 
and state and national horticultural institutions gen¬ 
erally is undoubtedly making towards a larger r^og- 
nitioii of and a fuller co-operation witlx the floricul- 
tural or ornamental departments of horticulture. 
Ithaca, Amlierst, Urbana and other edu(cational cen¬ 
ters have been wheeling into line and (»aeh year sees 
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advancemeiit in the desire and in the ability to serve 
the floricultnral interests in a practical and accept¬ 
able manner. It has been said that whatever is of 
permanent value is usually of slow growth. We have 
long watched this little cloud like a man^s hand. Its 
growth has been exasperatingly slow, but it is big now 
with the promise of tluj recognition to be accorded to 
ornamental horticulture as second to none among the 
many excellent and re])utable commercial activities to 
which a young man may wisely turn in choosing his 
life work. ’ ’ 

And again, from an editorial in the ^^Plorists^ Exchange^’ for 
November 4, 1916: 

‘‘The letter that we publish in this issue from 
('ornell, I’ecording wliere the students of the Ploricul- 
tural Department have gone in the last year or two 
and the situations they now occupy, is of much inter¬ 
est to all of us. 

“The young men and women who have had the 
great advantage of the scientific*, education that the 
well-equipped American colleges give, go forth as the 
agents of sidence. No one who closely observes passing 
events (‘.an have failed to set* tin* large influence for 
good that colhjge-trained men, and others who have 
been similarly trained even if not in colleges, have 
exerted. Consciously or unconsciously, the facts ob¬ 
tained by th(* students from those whose days are 
passtnl in research work—tin* scientists—are brought 
down into daily practical application. This is one of 
the eolh»ges. 

“The man who has been trained purely as a 
‘practical man’ and has no theoretical or scientific 
learning, is ill-balan(‘ed. While su(th a man will prob¬ 
ably be successful nine times out of ten as against the 
purely theoretical student who may attempt to run a 
greenhouse establishment, yet we all know that a com¬ 
bination of the well-grounded practitioner w’^ho has 
been also trained scientifically, is the ideal, 

“That science and organized learning are in¬ 
valuable is well recognized by many of our leading 
commercial florists, who are sending their sons to the 
vairoiis universities. It is unnecessary to mention 
names; these fa(ds are known widely. 

“The (?olleges do not turn out mere theorists; the 
kind of students they develop is of the well- 
balanced type. It is not the fault of the teaching 
system if they are not. Here they learn something, 
at least, of the secrets of plant physiology, as well as 
the botanical kinship of plants, and their general 
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make-up and uses. Geographical botany might be 
pursued further, even at the colleges, with advantage. 
Chemistry, physics, knowledge of insect life, how to 
combat destructive insects and diseases, land measure¬ 
ment, principles of greenhouse building and heating, 
accounting, and the many business parts of a man’s 
training and education, are among the subjects in¬ 
stilled at the colleges. 

^‘Moreover, do not omit to take into account the 
splendid social intercourse at a highly susceptible 
period of a young man’s or woman’s life, by being 
brought daily into contact with others of similar age 
at these seminaries. Here a s|>irit of emulation is be¬ 
gotten, and habits of industry and of love of books 
and study are engendered that must affect all their 
after life and character. 

‘^Eacli of us wishes our profession and industry 
to advance. This can best be assured by the increased 
intelligence of the individual members of it, by the 
liberality of their theoretical and practical training 
in all that affects the skillful raising of plants, their 
cultivation and the disposal of them for the sustenance 
or amelioration of the lives of the people.” 

The field truly has broadened during the period in which 
floricultural instruction has been 'given ni the United States. 

But we should review rather briefly the relation which the vari¬ 
ous sciences bear to inethods of present-day flower and plant pro¬ 
duction. Botany in its various branches probably touches the sub¬ 
ject most closely, for in plant growing under the somewhat artificial 
conditions in greenhouses an application of the princii)les which 
govern healthy reproduction and growth in plants is constantly 
necessary. However, before we have plants, we must have soil, and 
the applieatioji of chemistry to the soil is doubtless as important as 
is botany. 

The flower-growing business in the United States is important. 
Tn New York State it is especially so. The last census states that the 
value of the production of flowtu’s and plants in this state approxi¬ 
mates five million dollars. This is approached by no other state. 
The total annual production for the United States was valued at 
thirty-four and one-half millions. This was an increase of eighty- 
five per cent during the last decade. 

In the early liistory of plants ami our study of plant nomen¬ 
clature such names as Theophrastus, Pliny, Linnaeus and others 
stand out prominently, and we must not forget that scientific flori¬ 
culture as it is practiced today owes mu(di to these men. 

During the earlier periods of ornamental plant culture, valuable 
work was done through scientific expeditions to foreign countries, 
piloted by experienced plant collectors who were for the most part 
systematic botanists. These men brought back many species es- 
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pecially suited not alone for growth under glass, but in the open 
as well. Most of these earlier scientific collecting expeditions were 
from England, Germany and Prance, but the species of plants col¬ 
lected were sooner or later brought to America, and our conserva¬ 
tory collectors were thus enriched. The painstaking w’^ork of Cesal- 
j)ino, Linnaeus, Jussier, Gartner, and others in the classification of 
plants has been of inestimable value to present-day plant growers, 
for through a knowledge of the habitat and relationship of plants, 
we have gained valuable information of their cultural requirethents 
such as soil, temperature, light and moisture. 

In the early part of the nineteenth century many collecting 
expeditions were piloted by such systematic botanists as Sir William 
Hooker. Sir Joseph Banks, and others; and the species of plants 
from ])Oth tropical and temperate sections which were found suited 
for growing under glass in this (tountry were increased manyfold. 
In later years, the work of these men was follow^ed by many others, 
among whom were Sir Harry Veitch, VerschaflPelt, Engelmann, 
A^ictor Lenioine and the Vilinorins. The scientific work of Dr. 
Torrey, Asa Gray, and other systematic botanists has been of great 
value to floriculture, for many of the species of native plants they 
listed are now valuable garden species. Through the work of these 
men, therefore, our list of ornamental plants has becm increased by 
introduced speci(*s from the flora of every part of the globe. 

While some of these plant collectors liave been practical horticul¬ 
turists, they have been so educated that they have been enabled to 
conduct scientific experiments. They have learned to associate 
prmiice with scientific truth. Among such men who have been 
engaged in the work in recent years no name stands out more 
prominently than that of Jackson Dawson. While Mr. Dawson’s 
early education and training were largely of a practical character, 
his natural instinct enabled him to do work of a strictly scientific 
nature. The results of his propagation of material sent him by 
plant collectors and his breeding of hardy roses have been unusual. 
His introduction of the Daw\son Rose, W. C. E)gan, Farquhar, and 
Sargent roses, have been valuable acquisitions in the floricultural 
list of species. His “passing on” is a distinct loss to the horticul- 
tund world. 

A scientific collector of note* in recent years is E. H. Wilson, 
the student of Japanese and Chinese species, w^hose work for the 
Arnold Arboretum at Forest Hills, Massachusetts, is bringing to our 
American flower lovers such ornamental species of value as Lilium 
myrophyllum, Lilium Sargentiae, Hydrangea Sargentiana, Clematis 
montana var. rubens, Buddleia variabilis var. superba, Syringa 
Wilsonii, and many others. The history of the work of these col¬ 
lectors and a study of their introduction of ornamental plants is 
extremely interesting, but space will not permit a detailed discus¬ 
sion of these. 

Following the introduction of species of plants from foreign 
countries and the somewhat nnnat\iral conditions under which it 
became necessary to grow^ them, the plant culturist began to realize 
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the need of a thorough knowledge of the requirements of different 
plants as regards light, moisture and heat. Slowly but surely pres¬ 
ent-day floriculturists are coming to realize that they must have a 
better knowledge of plant structure and physiological processes in 
plant life before they can successfully grow plants. 

That division of botany which we know as plant physiology and 
which relates to the vital function of the plant, is, then, of the 
greatest importance to the grower of ornamental plants under glass 
or in the open. Not only has the scientist learned many plant 
secrets in this respect during the last decade, but he has been able 
to instruct the practical grower regarding these and to demonstrate 
that certain environnKmtal factors, such as heat, light, and many 
others, so change and modify plant tissue that improvement in 
plants ma.y be marked. 

The results of the wonderful investigations of Ilofmeister, 
Green, De Candolle and von Mold in morphology; of Robert Brown, 
Schleiden, Malphigi and Nageli in vegetable anatomy; of 
Koelreuter, Sprengel, Major and many others in plant physiology, 
have taught and are now* teaching plant growers the principles 
which underlie cultural ])ractices. 

A thorough knowledge of the science of botany is, therefore, 
necessary for the suc(^essful cultivation of ornamental plants either 
under glass or in the open, and the gradual development of this 
field through scnentifi(* investigation and research is constantly re¬ 
vealing now truths which clos<*ly affect plant growth. 

Vegetable pathology has an intimate relation to the healthful¬ 
ness of plant tissue. Study in this science by such men as De Barry, 
Wakker, Tubeuf, Ihiger, Halliet* and others, has revealed the 
charact(*r of many plant parasites, and these men have given sug¬ 
gestions for ext(‘rminating and avoiding them. Probably the most 
valuable suggestions Avhic’h have come from scientific plant patholo¬ 
gists ill recent years are those w^hich have shown practical grow^'ers 
the importance of proper sanitary conditions in greenhouses if a 
healthy and vigorous growth is to be maintained. Since the path¬ 
ologists liave shown (tarnation growers that stem rot is induced by 
deep and careless plaaiting, and that rose mildew is the result of 
sudden and pronounced atmospheric changes, there has been as 
marked a decrease in these diseases as if special directions for their 
eradication had been given. 

Tt has been necessar>" for men of sedenee to demonstrate to prac¬ 
tical flower growers that proper environmental surroundings are 
as essential for healthy plants as they are for human individuals in 
the home. Tn an excellent paper before the New York Federation 
of Floral Clubs during Farmers’ Week, Professor K. 0. Pippin con¬ 
sidered the relationship of sanitary conditions in the soil to healthy 
plant growth. In this paper Professor Pippin states: 

^*It should alw^ays be known that the crop pro¬ 
duced is competing with many other plants in the soil. 

We well recognize the importance of keeping down 
weeds which will compete with the main plant for food 



36 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE. 


and moisture; but we have not given so much atten¬ 
tion to the competition of the crop with the micro¬ 
scopic plants in the soil, the bacteria and the fiuigi. 
Instead of being a dead mass, the soil is teeming with 
life. In every grain of soil there may be millions of 
bacteria and many kinds of fungi and molds. These 
require the same food elements that the higher plants 
use, and it may frequently happen that the soil con¬ 
ditions are as well or perhaps a little better suited to 
the development of these microscopic plants, as to our 
higher plants, and they may gain the ascendency 
and utilize the plant food designed for the crop. 

‘‘This idea, too, is one of the recent developments 
in soil fertility. In England, Russell and Hutchinson 
have developed many facts showing that in their soil, 
and especially in soils known to be sewer-sick, and in 
greenhouse soils tliat have come into a so-called sick 
condition, there may be the development of excessive 
numbers of the very simplest animals, protozoa, which 
compete with the plant roots and with beneficial forms 
of bacteria. They have developed facts which indicate 
that any treatment which kills or reduces the number 
of these competing organisms tends to promote the 
growth of higher plants, and in general to create a 
better state of fertility. It should be pointed out that 
in the greenhouses, where conditions are continually 
favorable for their growth, such difficulties may be¬ 
come more acute than in the field where the variations 
in climati(j conditions and the changes in season, in¬ 
cluding freezing in winter, tend to hold such processes 
in check.’’ 

During the earlier periods of plant culture, the dealers in novel¬ 
ties were dependant on material introduced from foreign countries. 
These plants are still interesting many dealers. Within recent 
yeai's, however, native haunts of ornamental plants have been so 
thoroughly gone over by the collectors that there are now fewer new 
species of value. Since this is true, plant growers and the intro¬ 
ducers of novelties have come to lay marked emphasis on the study 
of genetics and this somewhat new subject has influenced the char¬ 
acter of plant products to a marked degree. This influence has, how¬ 
ever, been more pronounced in the changes of special charactei’s be¬ 
cause of changed environmental conditions, so that new varieties 
have interested our plant culturists. While some work in scientific 
plant breeding was done by Linnaeus, Koelreuter in the latter part 
of the eighteenth century laid the first real foundation of our scien¬ 
tific knowledge of the subject. Later, such names as Knight, Gart¬ 
ner, Darwin, Focke, De Vries, Mendel, Bateson and others stand out 
prominently in scientific literature relating to plant breeding. 
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In their recent book on this subject, Bailey and Gilbert state as 
follows: 

‘ * One of the * signs of the times ^ in North America 
is the attention that is being given to practical breed- 
in of cultivated plants. Until within a comparatively 
few years, however, breeding work has been unscien¬ 
tific in the extreme. Much of this has been because 
there have been few scientific principles which were 
tangible. Scientific experimenters are rapidly ac¬ 
cumulating results with many kinds of plants, and 
eventually there will probably be formulated definite 
statements as to how to proceed to secure desired re¬ 
sults. However, there is no hope that plant breeding 
can ever produce forthwith the things! that w^e desire, 
in the w'ay in w^hich the mechanic devises new* 
machines, notwithstanding all the suggestions or per¬ 
sons wiio wuite with much self-assurance. For all that 
we can now see, plant breeding will always be an ex¬ 
perimental process/’ 

It is then for tru^n of science to formulate, through experimenta¬ 
tion, the law's w’hi(*h govern heredity in plants so that practical 
growers may apply these in so far as possible in bringing out new' 
and improved varieties. 

Present-day scientific breeders of plants are. therefore, not now 
working to produce new varieties so much aa they are to discover, 
if possible, the laws w'hich govern hereditary characters. Definite 
color and fonn inheritance w'hicli may be expected by crossing dif¬ 
ferent plants, is of far more importance to the scientific mind than 
is the ]>roduction of some commercial variety of plant which excels 
those now in existence. 

As has been stated, next to botany in its various divisions, 
probably no branch of science has been more beneficial to floricul¬ 
ture than eheinistry. Botany and chemistry are so interwoven in 
plant culture that it is impossible to state the relative importance 
of each. The api)lication of chemical principles touches many 
phases of plant life closely. Both organic and inorganic substances 
must be studied; air, moisture and the soil elements which make life 
possible, are all intimately l>ound up in chemical substances. 

A study of the atmosphere in its relation to plant life, and of 
the soil in its relation to vigorous plant growth brings us closely 
into the chemical w'orld. Tn earlier horticultural practice, little 
attention was paid to atmospheric conditions. The air as a source 
of plant food was unthought of, for the plant growers of that early 
period had little to aid them in solving their problems regarding 
the source of material for improving the growth of their plants. 

For years there w as a realization that the nature of the soil W'as 
important for healthy gnnvth. but only within comparatively rckJent 
times has there come to be a realization that the atmosphere is 
equally important. Outdoor atmospheric conditions are little sub- 
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ject to control, but in greenhouses the plants’ environment in this 
respect may be more easily governed. With the discovery that a 
large percentage of a plant’s substance was carbon, and that the 
plant received this carbon from the air, there came to be a better 
appreciation by plant growers of the fact that plants are as depend¬ 
ant on a liberal supply of fresh air as is man. The greenhouse 
builder, therefore, began to consider the principles of ventilation, 
and although present-day metliods of greenhouse ventilation are 
extremely crude, nevertheless plant growth under glass is much 
more healthy than in the earlier days when it was thought that all 
that was necessary was to give the plants warmth and light. Con¬ 
sequently, the early greenhouses were small and sunken in the soil 
so as to retain all the heat, and every possible effort was made to 
prevent the escape of warm air from the greenhouses and to let lit¬ 
tle fresh cool air in. (Jonse(|uently the plants becaiiK* so susceptible 
to fungous diseases that it was almost impossible to grow many 
species. When the scientist showed the culturist the value of fresh 
air, there was an improvement in the quality of the plants grown. 
Larger, air}?' houses were built and these were located on more (‘x- 
posed elevations where g(M>d air einuilation could be obtained and 
larg(ir supplies of fresh air were given the interior of the houses. 

The plant grower, however, is more concerned with soil and 
fertility questions than with almost any other problem in science. 
He grows a wide range of plant species, each with its own reciuire- 
ments, not only with the chemical constituents of the soil, but with 
the physical (diaracter of tlu' soil as well. It is generally known 
that plants under gla&s grow best if the soil contains a mixture of 
medium sand, silt and clay. The proportion of these varies with 
different crops, and all species’ requirements have to be studied 
carefully. They are learned largely by investigation and experi¬ 
mentation. Experiment stations in connection with the agricultural 
colleges and the United States Department of Agriculture liave 
done much valuable scientific work in determining correct condi¬ 
tions for various species of plants, yet much remains to be learned. 

Probably no cultivated plant is more particular regarding 
proper physical and chemical constituents of the soil than is the 
rose. The best commercial rose growers in America today arc* tliose 
men who have kept (dosely in touch with the scientific*, work of the 
experiment stations. 

The chemist, especially the agricmltural chemist, is rendc^ring 
valuable assistance to tlie flower grower. TJnforUinately he is 
handicapped to a certain degre^e and his limitations will not ahvays*^ 
permit him to fulfill the expectations of practical men. Only a few 
days ago the writer received a sample of soil with the request that 
it be analyzed and the sender informed as to what he should apply 
to make it a good soil for violets. J\Iany men fail to realize that all 
mineral elements must be rendered soluble before they can be used 
by plants, and that organic sulistanees must exist in correct com¬ 
bination before they are of value to plants. A soil may contain a 
quantity of food elements and yet the plant may starve. For this 
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rea45K>n chemical analysis is seldom satisfactory from the grower 
viewpoint. The chemist can determine the minerals which comprise 
the soil, but he is not familiar with the food requirements of plants 
of diflferent species and the availability for these plants of the min¬ 
erals and organic substances in the soil. This is a problem to be 
determined only by experimentation for each particular crop and 
for each type of soil, and it is the function of the scientists in our 
experiment stations to work out these problems for the benefit of the 
practical grower. 

The chemist is, however, teaching the flower grower the sources 
of plant food and how to treat his crops so they will receive the 
proper amounts of nutrition. The chemist is also giving the flower 
grower a better knowledge of the so-called commercial fertilizers’’ 
and their eft'ect on plant growth. 

It is impossible to discuss fully all that scientific chemistry has 
done for floriculture. The results of this type of work have been so 
far-reaching, not only as regards a plant’s environment with refer¬ 
ence to atmosphere, soil, and its fertility, but along the lines of in¬ 
secticides and fungicides as well. We know that sanitary conditions 
in the home have much to do with keeping disease germs and in¬ 
sect i>ests from gaining a foothold; nevertheless contagion some¬ 
times spreads from less careful individuals in the human family. 
The same principles apply with plants, especially in greenhouses. 
The scientific chemists have solved many a complex problem for the 
florist in the eradi(?ation of ))oth insects and fungi on plants. 

In this work the (‘heniist has been assisted in a considerable de¬ 
gree by the entomologist and the plant pathologist. The work of 
the entomologist has been to study the character and the life history 
of different groups of insects injurious to plant life, and through 
this intimate knowledge to aid the chemist in compiling formulas of 
sufl[ici(‘nt strength to exterminate the pest. As certain chemical sub¬ 
stances are injurious to plant tissue, the scientific work of the plant 
physiologist has also been necessary to bring about niethods of insect 
extermination by the use of chemical substances which arc effective 
and which are in no way detrimental to the vigor of growth of 
plants. 

A riuestion has sometimes arisen in various departments of agri¬ 
cultural colleges regarding the value of a knowledge of physics. 
One of the fundamentals of plant giwth is light intensity, and I 
consider physics a most important subject for all students of flori¬ 
culture. The science of physics has been of great value to the flor¬ 
ist, but it might be much more so if some enthusiastic student would 
perform his experiments on light intensities in greenhouses and 
demonstrate the influence of different light intensities on different 
types of plant growth. We know in nature that there are many 
species of plants which are light demanding; others aye shade en* 
during and even shade demanding. We usually consider that it is 
necessary that greenhouse plants obtain all the sunlight possible. 
This is, in general, true for most plants, but others demand some 
shade. The percentage of light under which plants make their best 
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development is still a matter of conjecture. The physics of light, 
however, has been studied, and science has demonstrated the possi¬ 
bility of building greenhouses with the pitch of the roof at such 
an angle that the maximum amount of sunlight will be available. 

In Ithaca and in some other sections of the United States, there 
is a low percentage of sunlight, especially during December, Janu¬ 
ary and February. It is important for the flower grower that his 
plants get all the sunlight possible during these months. No branch 
of science will probably ever make possible the manufacture of 
aHificial liglit equal in value to that from the sun. It therefore 
devolves on the student of physics to tell us how to so construct our 
glasshouses that the plants may obtain the maximum amount of 
light during such time as sunlight is available. In glasshouse con¬ 
struction, wood is an undesirable factor from many viewpoints. It 
quickly decays under the moist atmospheric, conditions, and the 
necessity of using large dimensions in order to secure strength, 
makes it detrimental to light intensities: yet thus far it has been 
found impossible to eliminate it from the construction of glass¬ 
houses because of the expansion and contraction of metal due to 
tlu^ influence of varying degrees of heat. This breaks the glass. 

It is, therefore, desirable to eliminate as much wood as possible 
from the construction and to use the smallest dimensions for sash- 
bars and supports. Recently, very small wooden sash-bars have 
come into general favor with glasshouse builders; wooden posts for 
interior supports have been eliminated, and a system of supporting 
the roof by various trusses is much in favor. Greenhouse builders 
are, therefore, depending on students of physics to demonstrate to 
them the supporting power of trusses for different sized roofs, so 
that the rigidity of the greenhouses may be increased. Upon this 
rigidity depends in a large measure the value of tlie greenhouse, 
for where there is considerable vibration there is a consequent 
breakage of glass. 

It is impossibhi to properly demonstrate in a single article all 
that science has done and will do in the future to develop the art of 
flower and plant production. As has been stated, the necessity for 
an application of scientific principles to floriculture has been of 
eomparatively recent origin. As competition increases in the world 
of flower production, there is sure to be a greater demand for 
scientific information, and the field of investigation is broad. There 
is a constantly increasing demand for men in the flower-producing 
industry who have had broad scientific training. These men are to 
become in the future Americans foremost flower producers. 
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THURSDAY, DECEMBER 28,2:00 P. M. 

THE BEARING OF SOME BIOLOGICAL FACTS ON BUD 
VARIATION. 

By B. M. East, Harvard University, Camhndgc, Mass, 

(Note:—This address will be published in the American 
Naturalist in the early part of 1917. The Secretary was unable to 
learn at what date it will appear.) 


♦THE INHERITANCE AND PERMANENCE OF CLONAL VARIETIES. 

By M. J. Dorsey, Experiment Station, St. Paul, Minn, 

Since the life of every plant is limited, in some cases being 
terminated by seasonal influences and in others enduring for a 
period of time fairly characteristic of th(j species, it follovrs that 
forms of today have been derived from those pre-existing. Repro¬ 
duction, then, in some manner in which independently existing 
parts are produced, must be exercised continually by each species in 
order that it may persist. The methods of reproduction are classi¬ 
fied generally under two very inclusive heads—vegetative and sex¬ 
ual. The multitude of special structures of flower, stem, or root, 
characteristic of each family or genus, by means of which repro¬ 
duction is a^ceomplished, does not invalidate the above classification. 

There are fundamental differences between vegetative and sex¬ 
ual reproduction, although the same plant may be reproduced by 
both methods and either may be sufficient for the persistence of the 
species. The former is much simpler and consists broadly in set¬ 
ting apart a portion of a single parental individual. In sexual 
reproduction a new plant unit arises from the fusion and growth of 
two special sex cells and one or two parent plants may be involved. 
In vegetative reproduction the parent plant is multiplied quantita¬ 
tively. In sexual reproduction there is a mechanism for a compli¬ 
cated interchange of separate hereditary units or factors. This in¬ 
troduces into the life cycle of the plant a process which makes it 
possible for the offspring to inherit from both parents and to be 
different from each other. 

The fact that these two methods of reproduction are reversible 
and interchangeable is of special interest in horticulture, where 
economic fruit-bearing plants are dealt wdth. Sexual reproduction 
is resoi*ted to in originating horticultural varieties, and in the nurs¬ 
ery vegetative or asexual reproduction is used in propagating or 
multiplying them. 

* Tftper Nwnber 65. JouHial Series. PabUshed with the permission of the Director 
of the Minnesota Agricultural Experiment Station. 
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Vegetative reproduction produces groups of individuals, vary¬ 
ing in number, which are very closely related genetically and which 
are, for the most part, quite similar in external appearance. 
Webber (’03) proposed tlie term clone” to apply to such groups 
and to include those wiiicli are “propagated by the use of any form 
of vegetative parts, such as bulbs, tubers, cuttings, grafts, buds, 
etc., and which are simply parts of the same individual seedling.” 
Shull (’12) has suggested an extension of the meaning of the term 
to include a “group of individuals traceable through asexual re¬ 
production (imduding pai-thenogenesis when unaccompanied by 
genotypic segregation) to a single ancestral zygote, or else perpet¬ 
ually asexual.” An extension of the meaning of clone does not hin¬ 
der its application in the original sense and will furnish a tenn 
applicable to both plant and animal forms. Tn fruit clones, as the 
apple or plum, a cutting or scion — the unit of reproduction — is 
traceable to a single ancestral zygote, and sexual fusion does not 
occur between individuals. The unit of growth is different from a 
unicellular form in that it consists of a portion of the part'iit in¬ 
dividual composed of a group of cells variously differentiated. In 
the clones whe^x^ sexuality (*xists, asexual propagation prolongs the 
sporophytic interval many limes beyond the normal life of the in¬ 
dividual concerned. In the case of the i)otato, propagated asexually 
through the tuber, a plant is interposed ])etween the different tuber 
generations. 

Through the human agency, vegetative reproduetiou is extended 
to forms and also by methods, as budding and grafting, not found 
in nature. The human agency has also been a means of (‘xteiiding 
the range of species by an extension of the cultivation of clonal 
varieties. Long association of man with plants capable of produc¬ 
ing edible fruit has resulted in the selection or isolation of varieties 
which, in practically all cases, differ in some character from the 
usual types of the wild parent species. This same process of selec¬ 
tion by association has continued with varieties after the start has 
once been made from the wild forms. Darwin in his classic treatise 
on “Plants and Animals under Domestication,” lays special empha¬ 
sis upon the influence of the human agency in modifying types. 

While by vegetative means we are able to isolate and maintain 
varieties in a commercial sense, nevertheless it is essential in nearly 
all cases where the edible portion is developed from the flower, to 
also maiutuin sexuality to ensure fruitfulness. Sexuality, then, is 
for the most part retained in fruit clones even in those cases where 
ve^getative reproduction does not follow the natural method and has 
been extended artificially. On the other hand, the taking on of sex¬ 
uality by plants has not changed the independent relation between 
somatic growth units. 

The clone varies in its relation to its species. It may carry or 
represent only a part of the characters of the species to whi<^h it 
belongs. Tn our fruit varieties, especially in those of species where 
large numbers are involved, classification is !*endered difficult be¬ 
cause of such minute differences. Taken as a whole, however, a 
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complete analysis or list of the characters of all of the varieties of 
a species would undoubtedly give a complete genetic expression of 
the species in question^ since each clone represents a different zygo¬ 
tic combination, and is generally heterozygous for a large number 
of characters. 

The Origin of Varieties: In the following table most of the im¬ 
portant varieties of the apple, cherry, grape, and plum known to 
American horticulture are classified with respect to what is known 
of their parentage. This table is based upon the historical accounts 
of the different varieties of fruits as given in the monographs pub¬ 
lished by the New York Agricultural Experiment Station (Beach 
’03; Hedrick, et al,, ’08, ’ll and ’15; Hedrick and Wellington ’12). 

Table I. 


PRESENTING DATA AS TO THE PARENTAGE OR ORIGIN OF THE IMPORTANT 

varieth::s op the apple, cherry, grape, and pi-um. 



Both 

One 

Neither 

Origin 



Parents 

Parent 

Parent 

as 

Total. 


Known. 

Known. 

Known. 

Sports. 


Apple ... 

. 3 

39 

588 

4 

634 

C^herry .., 

. 20 

61 

1,064 

0 

1,145 

Grape ... 

. 74 

57 

72 

0 

203 

Plum* ... 

.... 49 

108 

524 

1 

682 


146 

265 

2,248 

5 

2,664 


It will be seen from table 1 that commercial varieties of fruits 
have arisen in four ways: (a) from controlled crosses where both 
parents are recorded, (b) from open pollinated seed where only the 
seed parent is known, (c) random selection from the wild, or from 
seedlings of accidental or native origin where neither parent is cer¬ 
tainly known, and (d) as bud or somatic variations. By far the 
larger number of varieties, including many of the most important 
ones, have been random selections. Numbers, however, should not 
be confused with commercial importance. Most of the importimt 
American varieties are of native origin, but many foreign species 
are represented. In the case of the grape a larger number of im¬ 
portant commercial varieties have arisen as a result of controll^ 
crosses by breeders than with any of the other fruits listed. While 
there are numerous references to bud sports in horticultural litera¬ 
ture, as yet these sports have not been an important source of new 
varieties in any of the fniits named. However, in floriculture many 
more of the important commercial varieties have originated in this 
manner. Bailey (’95) estimates the number of named horticultural 
varieties in America which have arisen as bud-variations at two 


* The writer is indebted to Hr. W. D. Tallean lor assistance in tabnlatLas the dntn 
lor the plum. 
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hundred. Carrieria, in 1865, gave a descriptive list of one hundred 
and fifty-four horticultural varieties of importance in Prance which 
iiad arisen as bud variations. (Bailey '95.) 

Thus it will be seen that most of our fruit varieties are germinal 
rather than somatic in origin. As a means of obtaining new in¬ 
dividuals, however, sexuality and vegetative propagation differ 
fundamentally. Jn horticultural practice vegetative propagation is 
an expedient method of obtaining new individuals on account of the 
heterozygous condition of our ‘‘improved" varieties. The extent 
to which it is practiced raises some questions as to the nature and 
extent of variations in clonal varieties. 

Variation in CUiONAii Vvrieties. 

Differences between individuals in a clone can be a(?(iOUiited for 
in two ways: (a) Those due to the interaction of eiiviroiimental 
factors — fluctuations, and (b) Those of a genetic nature arising 
from the somatic tissue subsequent to gametic fusion. 

Fluctuations: The term fluctuation is used in this connection in 
the usual evolutionary sense, as applying to the non-inheritable 
variations arising by means of the adjustment of an organism to its 
environment. There is now a tendency, however, by some writers 
to hold that some fluctuations are in part inherited. In fruit varie¬ 
ties there are two distinct types of environmental variations: 

(a) The individual and local variations, or fluctuations, and 

(b) Regional variations, broader in extent and well illustrated by 
marked differences in certain varieties of applets grown in districts 
of the eastern part of this country compared witli those grown in 
the western part. 

All fruit characters are subject to fliuduations, and varieties are 
judged commercially according to their response to the factors of 
the environment, or “limiting factors." The essential principle of 
fluctuations in fruit varieties is expressed in the law of optimum. 
Emphasis has been placed by Stewart ('lO-'ll) upon the applica¬ 
tion of this law to nutrition studies and by Young (’14) to regional 
and character variations. Stated briefl;v\ the law of the optimum 
means that for the highest development of a given variety there 
must be present the optimum environmental conditions for the most 
desirable expression of tree and fruit characters. 

The complexity of variations in fruit will be evident when we 
consider that soil, atmospheric conditions, stock, and seasoh may 
all be variable, as are also plant functions under different states of 
the environment. The difficulty of isolating a single factor of any 
of these has been recognized in cultural experiments and most 
statements regarding adaptation have been based upon a mass ac¬ 
tion of all the factors involved, or the state of balance between the 
limiting factors. 

Somatic Variation: Discontinuous somatic variations are differ¬ 
ent and distinct from fluctuations, although they may be in part 
obscured by them. They have been recognized for a long time, al¬ 
though differently interpreted from the standpoint of evolution. 
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The terms used to apply to sudden or marked variations have 
differed considerably. Darwin used “bud variation” to include 
“all those sudden changes in structure or appearance which oc¬ 
casionally occur in full-grown plants in their flower-buds or leaf- 
buds” (Darwin ’90). “Sport” is used in the same sense and also 
in connection with striking variations in seedlings. “Single varia¬ 
tion” was also used by Darwiu. Webber (’09) used “clonal” or 
“bud variation” and “bud segregation.” De Vries (’09) says 
that bud variations “should rather he called,” “vegetative muta- 
tioiKS.” Again De Vries, writing on spontaneous changes, illustrates 
them by bud variations. MacDougal, Vail, and Shull (’07) use 
“vegetative mutations” or “bud sports.” East (’08 a), Emerson 
(’15), and Stout (’15) use “bud variation.” Stout (’15) also 
uses “sporadic variations” in discussing dwarf forms. Emerson 
(’15) discusses the relation of bud sports in maize to somatic 
segregation or mutation. Morgan and his associates use mutation in 
the sense of factor changes. Clausen and Goodspeed (’16) use the 
term “factor mutation.” In his work with IHfflugia Jennings uses 
“uniparental inheritance.” Bud variation, however, using Wd in 
the botanical sense, as applied to discontinuous changes in clones, 
has some limitations when used in connection with unicellular 
forms. Somatic variation, as distinct from germinal, is a suitable 
general term to apply to all discontinuous variations arising in 
somatic ti.ssue. 

Somatic variations have been classified from many different 
points of view; the usual classifications with respect to inheritance- 
recognize three classes: (a) those which are completely inherited, 
(b) those partially inherited, and (c) those which are not inherited. 
Classified again with respect to the time of occurrence in the life 
cycle they are of two kinds, (a) somatic, and (b) germinal. Again 
they have been classified as (a) continuous, and (b) discontinuous. 

Type and Range of Discontinvoux Variations: In 1890 Darwin 
brought together an extensive siunmary of somatic variations affect¬ 
ing fruit, leaf, and flower in many different ways and emphasized 
their wide occurrence, both in the wild and under domestication. In 
the two volumes of the Mutation Theory, De Vries (’09) discusses 
at length the types of discontinuous or sudden variations. Instances 
are cited of atavistic characters appearing by bud variations as in 
Antirrhinum and Appalotaxus. “Sectorial variability” in flowers 
due to the aggregation of color is described in a number of horticul¬ 
tural varieties. Other types of variation, such as color change and 
variegation, are treated in detail. The work of these two writers is 
outstanding in the literature of this subject. De Vries, however, as¬ 
cribed greater evolutionary significance to discontinuous somatic 
variations than did Darwin. 

East (’08 a) points out that there have been primarily three 
types of bud variations recorded: Variations in color (which con- 
rtitute about 70 per cent), cut-leaved variations, and those due tb- 
the loss of a “prickly, hairy or felted etmdition.” 
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Ill ornamentals, bud variations have long been recognized as a 
source of new varieties by gardeners and florists. Among the newer 
carnations which have arisen as bud variations may be mentioned 
Victor, Chicago, White Lawson, White Enchantress, Rose Pink En¬ 
chantress, and Enchantress Supreme.* 

A deepening or change in color in fruits, is of frequent oecur- 
nmet*. Powell (^98) records a case of deepening in color in Graven- 
stein. Beach (^05) describes a similar variation, which he named 
Collamer, from Twenty Ounce. In this case both color and size were 
affected. Another bnd variation of a deeper color and of independ¬ 
ent origin was named the Hitchings (Beach 10). Kraus (16) 
found one branch of a Bartlett pear which bore fruit that ^^had 
prominent yellow strix>es from calyx to stem.'' The bark was also 
affected, being strijied ‘^golden yellow,*' green and brown." 
Besides a deepening of color complete color differenc(‘s ai*ise as bud 
variations. The yellow Magnum Bonum plum produced a branch 
which bore red fruit (Knight cited by Darwin ('90). Green grapes 
arise from deeper colored varieties, as blue (Powell ’98) or purple 
(Darwin ’90). 

Variations resulting in greater size. soim‘ of which might be 
termed “giants," are often met with in fruits. Paddock (’96) 
describes a large-fruited Concord. Two large-fruited variations 
from this variety have come to the attention of th(‘ wiiter, one, ex¬ 
ceptionally large, w^as found by F. E. Gladwin at Predonia, N(»w' 
York, and another, the Gillette sport, by S. A. Beach at Penn Yan, 
New York. Self-pollinated seedlings from the lathu' showed that 
the larg(‘ size w^as inherited in part.t In 1882 the Isabella grape 
produced several sf)orts bearing black grapes “immenst^ in siz(‘ and 
exceedingly sw"(*et and delicious’' (PowtII ’98), These variations, 
apparently quite similar, were uairnMl Pierce^ by the (California 
Horticultural Society, and have ])ropagated tnn^ under a w ide rang(* 
of growth conditions. 

Gates has showm that in 0( noth(ru yifjas the individual cells are 
increased in size and that in some way in this mutant the chromo¬ 
some number lias become doubled. It wmuld be interesting to know^ 
if instances of such marked increase in size like thosc^ mentioned in 
the grape could be accounted for on tlie same basis. Possibly in 
some “critical division" size factors for berry were not fraction¬ 
ated and a “double dose" is present. 

Bud variations affecting leaves are numerous and for tlu^ most 
part are color changes, either variogat(*d or solid, and changes in 
shape—the <mt-1eaved typers. Stout (’15) presents an excellent sum¬ 
mary of these, and describes extensive i>edigrec tests of Ci)leits 
clones, studying especially color pattern and vaiiegation. Types 
arose in these extremely variable forms both by bud variations and 
fluctuations, in considerable numbers, although the proportion of 
bud variations varied much in all the clones studied. 


* Personul (correspondence w^lth A. J. F. Banr. 
t I*erHonal (orrespondence with S. A. Beach. Aines, Iowa. 
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A doiiunant chemical change occurred in Oenothera rubricalyx 
which is inherited as a Mendelian character. Gates (15) su^ests 
in this case it is only necessary to assume that a single chromosome 
or portion of one underwent a chemical change. 

A bud variation on an atavistic mutant from 0. cruciata which 
returned to the parent type is mentioned by De Vries {'03). Bever- 
siona are also occasionally found in the moss rose in which the 
affected parts are destitute of moss. 

An illustration of a bud variation in which pubescence was in¬ 
volved has been the production of nectarines from peaches, some Of 
which reproduce through the seed. Darwin (’90) cites several in¬ 
stances where nectarines arise from peaches either through the seed 
or by bud sports. One instance is mentioned, the reverse of the 
above, where a “mictarine tree yielded peaches by bud variation.” 
Evidently the relation between the peach and nectarine is very close 
and unstable, sinc(* trees have been known to ^Indifferently” 
(Darwin ’90) bear peaches and nectarines and in raro instances 
both comprise sections of the same fruit. 

The time of maturity in fruits may be affected as a result of 
somatic variations. As an instance of this, two branches of the 
Mountain Rose peach may be mentioned which ripened a week or 
ten days earlier than the normal variety (Pow^ell ’98). This differ- 
(‘iice in sea.son was reproduced by bud propagation. A shift of the 
ripening season in the other direction occurred on one branch of the 
May Duke ch(*rry whicli bore fruit ripening later and more oblong 
in shape tluin the typical cIkut}^ (Knight cited b>’ Darwin ’90). 

Growers know of many variations in fruits which have never 
been reported in the literature. Changes in color, nisseting, stem 
length, and obliqmmess are variations observed. As an instance of 
an unrecorded variation known and discussed locally by growers, 
may be mentioned tlie Bard well a])ple, which is a highly colored 
Oldenburg growing in the orchard of W. Bardwell at Excelsior, 
Minnesota. The history of this variation is not certain, as it came 
with a lot of Oldenburg bought from a local nursery.. If it is a 
seedling, it differs but little from the Oldenburg except in color. 
If it is grafted, it in all probability is a bud variation. 

Weeping forms are known in a large number of trees and are 
grown widely as ornamejitals. Darwin (’90) cites a numl^r of 
instances where seedlings were grown from weeping forms, as in the 
oak, ash, peach, beech, and birch. Mention is made of the fact that 
many of these reproduce the weeping habit completely in only a 
paiVof the st^edlings, although some, as the oak and birch, all come 
true from seed. The weeping habit is lost in some eases and in 
others it does not appear until some growth has taken place—10 to 
15 years in seedlings from Betula alba, 

Dwarf forms, which have appeared suddenly, or ih some cases 
with intermediate steps, have been recorded in a large number of 
species. Summaries of these can be found in several places. Keeble 
and Pellew (’10) and others have studied the inheritance of the 
dwarf sweet pea with the normal, tall, or bush forms. The oJ 
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semi-dwarf crosses, gave tall, semi-dwarf, and dwarf forms. The 
Fg of the cross between ‘‘Cupid’’ and bush produced tall, bush, 
and two types of “Cupid.” Bartlett (’35) describes an intermedi¬ 
ate and a dwarf form which occurred in a culture of Oenothera 
Reynoldsii. In Hibiscus, Stout (’15) found a dwarf which ap¬ 
peared as a “sporadic variation” in a pedigree culture. “It 
differed from the robust form in possessing a smaller stature, shorter 
internodes, smaller leaves, many crinkled leaves and in the develop¬ 
ment of lateral branches from the base of the main stem.” East 
and Hayes (’ll) report various types of abnormalities appearing in 
maize, including dwarf, bifurcated, and branched ears. 

Digby (12) reports the apjjearance in 3905 of “a single pin¬ 
eyed flower” on Primula Knveusis which normally bears flowers of 
the thrum-eyed type which are self-st(Tile. “This flower was 
fertilized witli tlie pollen of a thrum-eyed flower and good seed were 
set,” which germinated and produced jdants which “bore both pin¬ 
eyed and thrum-eyed flowcu’s and were fertile.” The whole stock 
of the fertile P, kriVi usis came from this single flower. 

Pritchard (’36) reports a change in sex in the dimorphic lienip 
plant, as a result of the removal of flowers, injections of different 
chemicals, and shading by bagging. Hemp is typically dicBcious, but 
as a result of manipulations, primarily the removal of parts, both 
the pistillate and staminate plants produced the other sex. 

Stout (’13) describes a bud variation in a Pelargonium chimera, 
due to a “mechanical rearrangement of the kinds of cells already 
present.” lii this case it seems to be clear that there is a S(‘grega- 
tiou of the white and green cells, the white bearing no cliloroiihyll, 
but, as Baur has shown, colorless plastids are present. 

East (’30b) working with the potato, found five variations in¬ 
volving a loss of color, two changes from long to round in shape, 
and four from shallow eyes to deep ones. These variations repro¬ 
duced true. 

White (’13) tested the inheritance of fasciation in tobacco and 
found that it gave a 3:1 ratio in the with the normal character, 
showing the sport to be different from the normal form in a single 
factor. 

Bailey (’95) cites an instance of “sexless (wolution” in the 
Chilean strawberry which in two years “departed from its wild 
type so widely as to he indistinguishable from the common garden 
strawberry.” 

In the above jiartial review of some of the types of discontin¬ 
uous variations which have been observed and commented upon, it 
will be seen that many are striking and that a wide range of charac¬ 
ters is affected in this way. Instances of some of those which are 
of significance from the standpoint of the fruit clone primarily, 
have been included. For a more extensive presentation, the reader 
is referred to the works of Darwin (’90), De Vries (’fl®), Cramer 
(’07), East (’8b.’10b), Stout (’15) and others. It should be kept 
in mind that the (iuestion is one of clonal pennanence, or the type 
and range of changes taking place in a genetic combination ah'eady 
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made, siiK^e in the clone vegetative propagation is supposed merely 
to continue or perpetuate gametic combinations. As noted above 
the variations mentioned are readily observable and in some cases 
even striking. Their occurrence is unquestioned, and they are of 
suflScient frequence to warrant careful consideration as factors in 
varietal permanence, especially since according to our present 
nursery methods, little attention is given to them. Too much em¬ 
phasis, however, should not be placed upon the striking observable 
somatic variations in this connection. As is indicated by some of 
the later researches, there may be and undoubtedly are, minor and 
less (»vident changes which occur somatically in fruit clones which 
will be revealed by closer study. 

Clonal Permanence. 

The subsiratum: A brief summary of some of the possible and 
actual internal relations of the chromatin elements is presented 
her(* in order to suggest some of the conditions in which somatic 
variations may have their origin. The double or duplicate nature 
of the chromatin elements in somatic tissue presents many import¬ 
ant features in connection with vegetatively propagated clones. 

Table II. The substratum or genotypic complex in which varia¬ 
tions have their origin; the normal condition in a cross being the 
basis of comparison. 

From Table 11 it will )»e seen that there are theoretical states of 
equilibrium in the internal relations of plants which may be of in- 
tltieni*e in clonal permanence. Somatic variations occur for the 
most part in fruit clones in an abnormal substratum. It is unnec¬ 
essary to assume, however,, that somatic variations from clonal 
typ(*s oe(*ur only under these eonditions. 

In the gametes which unite to form a new individual the poten¬ 
tial characters, as we know them in the mature plants, are repre¬ 
sented in sonu* manner. The peculiar life forces exhibited in the 
union and growtli of the sex cells bring together hereditary ele¬ 
ments, which, upon developtnent, result in botli normal and abnor¬ 
mal characters. From the evidence presented in known hybrids it 
appears that fa(‘tors can ho brought together in the zygote which 
cannot gain complete ex])ression as growth and differentiation pro¬ 
ceed, but whi(*b affect .sonte functions, primarily reproductive. 
Mendelian studies, as W(*ll as those of somatic variations, have cen¬ 
tered largtdy around observable characters. Little is known of the 
total number of factors, characters, or units which go to make up 
the complete individual. This being true, it would seem that the 
relation of th<‘ (*hroma1iii elements, as they must of necessity exist 
in the somatic tissue, can only be determined in part by the exter¬ 
nal character expression. 

The following combinations selected from Table II will serve to 
illustrate something of the extremes possible in crosses: Growth 
usually vigorous, chromosome number doubled, flowers and fruit of 
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Species Relation 
Plant Growth 


Reproduction 


Chromosome 

Number 

Sterility of 
Fertility 


Character 

Expression 


Stability of 
Character 
Relations 


Sap— 

Composition 

Flower 


Fruit 


Seeds 


Normal. Abnormal or Extreme. 

Mono-or-intra-speciflc. Interspecific. 

Normal for the species Weak, normal, or unus- 
and adapted to its range, ually vigorous. Adapt¬ 
ed or not. 

Gametes unite readily. Gametes unite readily 

or rarely unite. At¬ 
traction between them 
may lie weak. Growth 
may stop at different 
periods. 

Equal and homologous. Equal or unequal and 
Chromatin elements unhomologous. Uncon- 
‘ ‘ congenial.' ’ geo ial. 

Self-fertile, self-sterile, Mostly sterile, pollen 
cross-fertile, and cross- aboi*ted in varying de- 
sterile. grees. Either pollen or 

egg suppressed in part 
or completely, remov¬ 
ing the individual from 
the reproductive tract 
or hereditary stream. 

Homozygous or that of Arrested or from both 
the dominant characters parents, intermediate, 
irrespective of parents, or almost completely 

resem])ling one parent. 
Character relations Heterozygous. Muta- 
stabJe. Propagate uni- tions and somatic var- 
f o r m 1 y vegetatively. iatious. 

Characters homozygous 
or heterozygous. 

Same from both gametes May differ in the par¬ 
ents in density or com- 
* position. 

Parts developed normal- Parts suppressed com- 
ly. . pletely or in part, some¬ 

times normal and func¬ 
tional. Parts some¬ 
times increased in num¬ 
ber or of extreme size. 
Normal for the species Of abnormal size, color 
in size, color, etc. or form. Extreme for 

the species in many re¬ 
spects. 

Produced normally Viable or not viable, 
and viable. 
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extreme size, plant sterile. Again we may have an interspecific hy¬ 
brid, weak in growth, pollen mostly aborted, and fruit seldom de¬ 
veloped. Other combinations suggest themselves with part of the 
characters normal and part abnormal or extreme. 

It will be evident to those familiar with fruits that many varies 
ties are characterized by extreme character combinations or extreme 
development of characters. They have been selected for the most 
part for this reason. A number of extremes may be propagated 
vegetatively, provided they are not of such a nature as to be actuall>^ 
prohibitive. Being extreme in many characters, clonal changes are 
more likely to be toward the mean, and away from the extreme. 
This is the general idea involved in degeneracyand ^‘running 
out.’’ ‘‘Gametic contamination” (Hoshino ’15 and Castle ’16) 
may possibly be a factor modifying character expression in a clone, 
if this influence is not permanent for long periods under asexual 
reproduction. 

Where extreme characters are carried forward asexually almost 
indefinitely in clones, the exact influence of an intimate association 
of tile hereditary factors upon each other during the long clonal 
somatic generations can only be conjectured. Emphasis is placed 
upon this extreme condition of the substratum or “reaction-system 
relation” (Clausen and Goodspeed ’16) from tlie standpoint of 
clonal perTnanence through asexual propagation. Owing to the ex¬ 
tremes brought together in crosses tlie nature or composition of the- 
two germplasms may he ageneies affecting (tlonal permanence, es¬ 
pecially where long periods of time are involved. 

Cytological Natvre of Somatic Yariaiions: Many facts are con¬ 
tributed by cytology, which go far toward giving a clear conception 
of the nature of heredity and the course^, of the germplasm. Some, 
espe(da]ly those <iealiug with irregularities, are included here in 
order to see how' far cytology furnishes a basis for an understand¬ 
ing of those internal clianges resulting in somatic variations. 

Among some of the contributions outstanding, may be mentioned 
(*ell division in relation to genetic continuity, a constant and charac¬ 
teristic chromosome number, reduction division, gametic fusion, in¬ 
dividuality of the (ihromosonie and the relation betw^een segregation 
and reduction division. The evidence also of a constant arrange¬ 
ment or position of the cliromosornes in succeeding cell divisions is 
convincing and is being extended. Forms such as AscariSf Lychnis, 
Crepis, Drosera, in which shape or size differences occur in the 
chromosomes, present the most important contributions on this 
point. Furthermore the relation between sex and the accessory 
chromosome, and linkage and “cross-over inheritance,” are in¬ 
stances where the results of cytology and genetics agree and are mu¬ 
tually confirmatory. Cytological studies of a large number of 
widely separated species have in fact revealed the general occur¬ 
rence of many of the phenomena of the cell. 

In connection with a discussion of the clone, where a long series 
of cell divisions occur, the presence of certain comparable stages in 
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somatic and reproductive divisions is significant. Aside from the 
formation of the chromosomes, their pairing or separation, there is 
a time in both divisions when the chromosomes are drawn to the 
equatorial plate. The formation of daughter muclei requires that 
the chromosomes, whether heterotypically or homeotypically divid¬ 
ed, be pulled to the poles. During these progressive stages, it has 
been generally recognized that there would be a chance for irregu¬ 
larity in one or more of the many details which may affect a part 
of a chromosome, a whole one, or more than one. The alternative to 
irregularity is a perfect completion of the process in a normal man¬ 
ner in all divisions. It should be remembered, however, that in 
either case we are dealing with the same chromatin and the same 
hereditary factors. If the state of balance during reproductive 
divisions is more delicate or complicated than in the somatic divis¬ 
ions it should again be restored to the normal condition in the 
zygote and its cell derivatives. 

The physiological individuality of the chromosome is shown at 
reduction division where in iiormal cases tlu*re seems to be an in¬ 
dependent action between them w’hich permits of a new alinement 
or arrangement from that previously existing. The alternative to 
this independemt behavior would be a greatcu’ attraction, in part or 
in whole, between the (diromosomes as they originally associated in 
the gametes of either sex. If each chromosome were not free to act 
independently and a greater attraction existed between those from 
a particular gamete than between homologous chromosomes of the 
otlier gamete, normal chance Mendelian ratios would not occur and 
varying degrees of correlation w^nild result. In the ease of the sex 
<*hromosonie we have one of the best illustrations of physiological 
individuality and also one of the most certain instances of a definite 
relation between a character and a cliromosome. The work of Mor¬ 
gan and his associates has showm that definite groups of characters 
are borne by particular chromosomes which an* linked together in 
inheritance. The physiological differeiKics between chromosomes 
and i>arts of chromosomes is interesting in this connection, in that 
this conception furiiishes a basis for explaining the local or re¬ 
stricted iiiflueijce of irregularities in somatic divisions since only 
those factors carried by the particular chromatin in question would 
be affe(ited. 

It would be interesting to know how pairing takes place between 
allelomorphs in (?ases where an unequal number of chromosomes 
are brought together in the gamete*. For instance, if factors A and 
13 are represented in the same chromosome of one gametic and in 
different chromosomes of another, will the pairing be determined 
on the basis of the chroniosoTrie or of the allelomorph? There may 
be several ]>ossibilities in such a combination with respect to the 
factor repr(*sentation in the chromosome. The ehromosomes, for in¬ 
stance, may be double in number in one parent, as in the cross 
Drosera Ion gif alia (20x) and D. rotundifoUa (lOx) (Rosenberg 
’06) or they may differ in number by one or more. Another possi- 
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bility would be, in the pairing of chromosomes, that the two bear¬ 
ing factors A and B would pair within the single chromosome bear¬ 
ing A and B, or if only single chromosomes pair, the two bearing A 
and B may pair alternatively by chance, with the one bearing A and 
B. If there cannot be a complete pairing of allelomorphs when the 
chromosomes are not homologous, a variable progeny would be ex¬ 
pected. Some abnormal ratios may in part be explained on this 
basis. 

Chromatin extrusions from the nucleus into the* cytoplasm have 
also been observed by a number of writers. The significance of this 
phenomenon from the standpoint of the factors concerned is not 
certain. While most instances of this have been observed in the 
germ cells it is quite probable that it is not limited to them, especi¬ 
ally in extreme crosses. It would seem that the characters carrit*d 
in the particular chromatin affected would be lost as far as descent 
was concerned. There is a suggestion in the phenomenon of a cyto- 
logical basis for “running out.’' Montgomery concluded from his 
studies of Ilemiptera that certain chromosomes are in the process 
of degeneration and disappearance and he suggests the connection 
of these changes with running out and regressive mutation. A 
study of the chromosome behavior in the liorticultural varieties 
may show irregularities in chromatin distribution associated with 
instability. 

Without reference to stable or instable varieties, what is the 
status of cell descent as it must of necessity take place ? There are 
many horticultural varieties of great age. In fact some date back 
so far in their origin that their history is uncertain, and the original 
variety is confused with seedlings from it or with closely related 
types. In other words, since the original gametic fusion took place 
in a particular variety, centuries may have passed, and a derivative 
of the original individual may have followed the course of human 
migration into various countries and climates, subjecting different 
individuals of the clone in this way to a wide range of environmen¬ 
tal factors. This has been mentioned under regional variations- 
Assuming a cell in a plum or an apple twig to be bOju. in length, 
there would be 500 per inch. If a tree makes an average growth of 
one foot a year there would be in lineal descent 6,000 cells produced 
annually. In a clonal variety two hundred years old, at the same 
rate of growth, there would be 1,200,000 cells in lineal descent from 
the original zygote. Some clones are older than this and some grow 
faster. These statements apply only to lineal descent and do not 
include an estimate of the number of divisions which must occur 
laterally or lineally, starting perhaps from thousands of other in¬ 
dividuals writhin the clone. Here cell division is subjectt?d to ex¬ 
tremely severe tests and it would appear that the hereditary ma¬ 
terial brought together in the first clonal zygote must be capable of 
almost indefinite fractionation—the clone being carried forward 
asexually far beyond the normal life of its individuals.. The con¬ 
dition here as to cell descent is comparable to the unicellular formf; 
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except that in the higher plants organization and differentiation 
enter in. 

In this connection, however, as to gaining or losing a character 
two interpretations can be given; (a) from the standpoint of the 
individual and (b) from the standpoint of the species. It would 
seem that a character could be considered as “gained’^ if it is new 
to the species and “lost’’ when it disappears from all the individ¬ 
uals of a species. Atavistic characters may in part prevent a rigid 
application of the term. 

One of the most interesting and important points brought out 
in the critical study of Oenothera is that of “parallel mutation.” 
Stout (’15) found that in the same color pattern dn Coleus, the same 
types of variation arise independently, eitlier in the same or suc¬ 
cessive generations. Also two plants identical in appearance and 
coming from adjacent branches on the saiiu? plant “gave different 
progenies in successive generations.” 

Irregular cliromosome behavior has b(‘en summarized by Gates 
(’15) and East (’15). The observed changes have included trip¬ 
ling, doubling, and an increase in number by one or more chromo¬ 
somes. Likewise a decrease in chromosome number has been re¬ 
ported. Besides changes which affect the whole chromosomes, those 
affecting only a part of one 0 (?cur, as is shown by the work of Mor¬ 
gan and his associates. 

The chromosome number may be influenced in different ways, as 
by an error at reduction division, an extra division longitudinally 
of one or more, or by a transverse division of one or more. A 
transverse and longitudinal division would result in a different 
factor distribution in the increased number. Differences in chromo¬ 
some size may be regarded as an intermediate stag(^ in a transverse 
division of tlie chromosome. Attempts to explain mutations have, 
as Gates (’15) states, been grouped around the idea of (1) redis¬ 
tribution of Mendelian characters, (2) loss of factors, and (3) re¬ 
duplication of gametes. In all of these, however, the idea prevails 
of the loss or recombination of existing qualities. Gates also classi¬ 
fied types of germinal changes as morphological and chemical. 

In discussing this phase of the subject an attempt has been ma^e 
to review briefly some of the outstanding facts concerning the de¬ 
partures from normal chromatin (ontinuity which have been ob¬ 
served, and which are of significance in connection with the prob¬ 
lem of clonal permanence, and also to emphasize the status of de¬ 
scent, especially in the fruit clone. While most of the observed 
<dianges have been studied in germinal cells, nevertheless it should 
be remembered that these are the beginnings of the clone, where sex 
exists, as in the fruit varieties. The important point is that irregu¬ 
larities ill (thromatin continuity do occur, regardless of where, in 
the life cych‘. ("ytological studies show the continuity of the chro¬ 
matin from cell to cell, so that it is quite probable that irregulari¬ 
ties in chromatin distribution will produce similar results, in a 
given form, wherever they occur. In the clone, descent as well as 
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growth take* place as a result of cell division, and it appears that 
nowhere is this life process subjected to severer tests than in the 
fruit clone; especially where long periods of time and an abnormal 
substratum are involved. The question now arises as to whether the 
parallel relation between chromosome behavior and character ex¬ 
pression which has been emphasized in connection with seed 
progeny obtains in the clone. 

Genetic Nature of Somatic Changes: It should be stated here 
that the similarity between the characters which appear as somatic 
variations and Mendelian characters in seminal progeny, has oe- 
ciirred to a large number of observers of hereditary phenomena. 
This view has been expressed by Darwin (’90), Bailey (’95), Web¬ 
ber (’09), De Vries (’09), East (’15), Bateson and Punnett (’05), 
Morgan and his associates (’15), and others. 

Darwin treats in some detail those cases of bud variation in 
hybrids which show a segregation of parental characters, and con¬ 
cludes from the facts i>i-e8ented that there can be no doubt that in 
an individual “hybrid” or “mongrel” plant there is sometimes a 
“return to both parent forms in leaves, flowers, and fruit, either 
wliolly or by segments.” De Vries (’09) holds that there are 
numerous cases of bud variations w'hich are without doubt the split¬ 
ting of hybrids. Bate.son and Punnett (’05, p. 129) make the fol¬ 
lowing statement: ‘ ‘ Tliere are many examples of differentiation 

between somatic organs manifesting itself in bud sports where the 
differentiating pairs of characters are such that W’e elsewhere know 
to be of an allelomorphic pair.” 

In discus.sing the Tuiture of variations, .Teunings (’16) says that 
“there is no change so slight that it might not be chemical in na¬ 
ture. In the immense organic molecule, with its thousands of 
groups, a simple transfer of one atom, one ion, perhaps, one elec¬ 
tron, is a chemical <‘hange, and perhaps therefore discontinuous, 
even though its effect is below our ptrrception with the most refined 
instruments.” Bateson (’IH) says that “the case of the double 
stock in which the whole male side of the plant differs from the fe¬ 
male side, as shown by Miss Saunders, shows almost conclusively 
that segregation may occur in somatic divisions.” *4gain Bateson 
(’09) in <liscusKing the nectarine and the peach states that “segre¬ 
gation of the allelomorph for hoariness must have taken place at 
somatic division.” Tischler (’08), East and Hayes (’ll), and 
others advan{^ed the idea that bud sports in general were due to a 
segregation of factors in vegetative division. De Vries (’09, p. 197) 
says that “mutations follow one another so that the plant gradually 
becomes separated from the original form by an increasing number 
of characters.” Again he says (’09, p. 649) that “progressive mu¬ 
tations are due to the formation of new pangens.” Gates (’15) 
emphasizes the point that derivatives of a cell in which segtegation 
of characters occurs would be the same regardless of what plant 
organs are affected. Emerson (’15) holds that “somatic mutants” 
are “fundamentally the same as seminal mutants.” Furthermore, 
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‘‘mutations must certainly result from the loss or gain or the modi¬ 
fication of genetic factors. They must rise potentially whenever a 
change in genetic factors takes place, wliether in the somatic cells or 
germ cells of the parent, or in the early somatic cells of the mutant 
offspring/' (Emerson ’13). A recessive allelomorph can make its 
appearance by a failure of the determiner for the dominant charac¬ 
ter to be fractionated in division. This has been pointed out by East 
(’08 a). If this process takes place in somatic tissue a character 
can gain expression in this way somatically whether derived from 
the male or female parent. 

When once a discontinuous variation arises in a clone it persists, 
and, we may assume, is as permanent as the other clonal characters, 
although there seems to be no doubt that some eliaracters, like some 
clones, are more pennaneiit than others. It is quite probable also 
that there are many more abnormalities in division than would be 
indicated by observ’able somatic* variations. Furtlrermore, in 
clones discontinuous variations may occur in many characters which 
cannot be detected extenially. Under present methods of propaga¬ 
tion in the nursery a somatic variation which will reproduce asex- 
ually may have a far-rcaehing influence in peri)etuating a strain 
“oiftype.” 

Uiscontinuous variations have been classified with respect to the 
place in the life cycle of the plant in which they occur as somatic 
and germinal, the chiel‘ distinction being that in the case of the 
germinal change a given character is affe(*ted in all parts of the 
plant while in the case of the somatic change the influence may be 
local. This distinction, however, is only relative, since a change oc¬ 
curring soon after gametic fusion may be as far-reaching as germi¬ 
nal changes in that the whole plant may be affected. 

Emerson (’13) points out that if a mutant appears in a seed 
progeny this fact does not nec(»ssarily prove it to be germinal in ori¬ 
gin. In the fruit (done the “sport” may be limited to a single bud, 
braimh, or fruit, or the entire plant individual may be a vegetative 
part of a sport.' 

The chromosome view of heredity has gained wide acceptance 
because of the way in which the facts of cytology and genetics fit 
together. Whatever future research has in store it seems at present 
that the evidence warrants placing considerable confidence in this 
view. If the determiners are carried by the chromosomes, as the 
later research indicates, this view becomes of particular interest in 
connection with the clone, since, as we have seen, growth and de¬ 
scent require almost indefinite division or fractionation of the chro¬ 
matin. Irregular chromosome or chromatin distribution has been 
suggested by many writers as an explanation of discontinuous vari¬ 
ations of the type mentioned above. The relation of the chromo¬ 
somes to character expression has recently been a field of intensive 
investigation. 

Bast (’15) reviews the evidence of the relationship between 
chromosome numbers and species complexity, and concludes that 
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there is none. The significance of the difference in chromosome 
number in closely related forms is not clear. The external charac¬ 
ter expression may be quite similiar except in homologous detail. 
While the total number of characters in two closely related species 
is doubtful, whether the number is the same in each or different, it 
would seem that there would be a different division or allotment of 
the charmders or determiners in the chromosome as a result of a 
larger number in one form, unless the extra chromosomes are blanks 
or duplicates as far as carrying determiners is concerned. 

The relation of the chromosome number to the improvement of 
the cultivated forms has also been emphasized by East (’15). His 
thesm is that the greater the number of chromosomes the greater the 
possible combinations and hence the greater the difficulty of im¬ 
provement by securing desirable combinations. If the greater the 
chromosome number the greater the possible combinations of char¬ 
acters, it may follow that the plant with the larger possible char¬ 
acter combinations would be capable of greater adaptability. It 
would be difficult, liowever, experimentally to check up adaptability 
from this standpoint because^ of the immense number of combina¬ 
tions possible with a relatively small numb(‘r of chromosomes. 

The effect of an increased number of chromosomes appears to 
vary in different species. In some cases cells and nuclei are in¬ 
creased in size and in others are not (East '15 and Gates ’15). 
Mut-ation in Ornoilicra has been sliown to clo«(dy parallel chromo¬ 
some behavior. 

Studies of germinal mutants in 0( nothera have shown three gen- 
(*ral class(‘s. These an* summarized by Gates (’15) as follows: 

(1) mutants in which there is one extra chromosome, the Lata series, 

(2) those in which the chromosome number is double, the Gigas 
series, and (8) those having an intermediate* number of chromo¬ 
somes, twenty-one, or th<* S( mi-ffigas series. Gates suggests that the 
chang(*s pnxiucing mutants are probably limited and that in one 
grouj) mutations arc* of one kind and in another they may be differ- 
t*nt. He states further the idea that mutations ‘‘indicate where the 
line of W(*akness exists” in the germ plastn and that these determine 
the? “dir(*ctioTr’ of the mutations. 

Clause*!! and Goodspeed (’16) carry the analysis of hybrids fur¬ 
ther than a j)art of the characters and discuss the whole reaction- 
systems between Nivotiana Tabavnm and A. sgivestria. Differences 
udthin th(* Tabaeum group “ap])arently depend upon certain factor 
differences within a common reaction system” while when any one 
of tin* Tabaeum varieties is crossed with A^ stjlvrstris, “the P,. 
hybrid very nearly or complehdy reproduc(*s on a larger scale the 
characters * of the particular Tabactmi variety concerned in the 
hybrid. ’ ’ 

Of all the more rec(‘nt work in genetics, that in Drosophila by 
Morgan and his associates has gone farthest in showing the relation 
between characters and chromosomes. In this foimi there are fouT 
chromosome groups and four character groups inherited as a unit. 
One of the larger groups is sex-linked. One of the chromosome 
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pairs is extremely small, relatively, and to date one of the character 
groups is also small. The connection between the latter while not 
certain is suggestive. On the bases of breaks in the inheritance of 
the characters within each group the loci for different factors have 
been plotted serially in the chromosome. The experimental results 
show the same relation between the allelomorphs in the cross over'’ 
as in the normal chromosome arrangement. 

The trend of the experimental results in this field indicates 
strongly that comparable irregularities affecting th(* chromosomes 
produce similar results, regardless of whether they occur in somatic 
or germinal cells, so that in the clone a variation once arising would 
persist. Then^ seems also in fruits to be parallel ‘‘spoii;8'’ as in the 
large-fruited Concords or the nectarine and the peach. These would 
be expected on the basis of the chromosome view of heredity, since 
in the fruit variety the characters are brought together only once in 
the original zygote and similar chromatin changes could he expected. 

The persistence of rudimentary plant structures may he looked 
upon as an evidence of the permaiMUice of charach^rs when once 
represented in the germ plasm. Such characters, liowever, are rela¬ 
tive and variable and may he inter})reted either way witli reference 
to character ptumianence. It would be inten'sting to know the dif¬ 
ference, if any. in the way a rudimentary structure is rej)resi*nted 
in tlie germ plasm comx)an‘d with a normal or recently acqiiii'cd 
character. Tluu'e are, in fact, many instances in jdants where dif¬ 
ferent characters have evolv(‘d at a differtuit I’ate. MacDoiigal, Vail 
and Shull (/07) state that phylogemdically new^ characters show 
greater variability statistically than do the older on(*s. 

Recent studies of inheritance' show sc^veral different multiple or 
plural determiners for (diaracters. This condition has been found 
to occur for diff(‘rent characters in a lai‘ge iiiimht'r of forms. The 
independent existence of more than one determiner, either of which 
is capable of })roducing a charact^*r, was discovc'red indc]>endently 
by Nilsson-Elile ('09) in hrowm chaffed wheat, and by East (’10 b) 
for yellow endosperm color in maize. Since then this int<'rpretation 
has been extended to ear length in rabbits (Lang ’10), capsule form 
hi Bursa Bursa pastoris (Shull ’ll and *14), size characters (East 
’10 b, and Emerson and East ’13), flower size (Ejist ’13), height in 
maize (East and Hayes ’ll), leaf number in Nicotiana (Hayes ’13), 
statm^e in peas (Keeble and Pellew ’10), hardiness in wdieat (Nil- 
sson-Ehle ’J2), and color in Antirrhivum (Baur ’10). This partial 
list is included to show something of the range and character of this 
type of inheritance. 

It occurred to Shull (’ll and ’14) that if there is more than one 
factor or determiner for a character these could be of two kinds, 
those alike and each one capable of independently producing a 
character — multiple factors or duplicate genes — and those which 
differ and collectively give complete expression of a given character 
— plural determiners, , Shull holds that ‘^the evidence for duplicate 
genes is adequate only for the presence of a ligula in oats, red peri¬ 
carp-color in wheat, yellow endosperm-color in maize and the tri- 
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apgnlar capsule-fom in Bursa/* Morgan and his associates have 
added other characters to this list in Drosophila. The exchange of 
the relative position of two chromosomes of ‘‘a longitudinal trans¬ 
fer of the capsule determiner from one chromosome to another 
adjacent/’ Shull shows, would result in the “duplication of the 
determiner for the triangular capsule.” 

In discussing the relation of a duplicate or an increased number 
of chromosomes to stability in character expression, East (’15) sug¬ 
gests that there is a great possibility for uniformity in chromosome 
duplication, since for a recessive change to appear it would be neces¬ 
sary to have “identical changes occur in two chromosomes.” The 
writer wishes to extend this idea to include multiple and plural 
ileterminers, since a change affecting one of the several plural 
determiners neeiissary for the development of a character would 
cause a change in somatic exi)ression of the character, while with the 
multiple determiners all would have to be affected in order to change 
somatic expression. 

It will be se(‘ii from the discussion above that the trend of cjd^o- 
logical and genetic research has been to come together; the research 
in each field am]difying that in the other. In the process of cell 
division thiuv is a seunes of (‘vc^nts handling the chromosomes as an 
entity, which can be interpreted as in agreement with what is now 
known of the behavior of characters in descent. Furthermore, the 
(‘xperimeutal results go further than to show that the chromosomes 
are the beanu’s of the factors, and iilaee the loci of factors serially 
in order in the chromosome. If this view of heredity is correct, clo¬ 
nal ])ermanence depends upon the constancy and uniformity with 
which cell division, in relation to descent, takes place. Irregulari- 
li(is in division affect character expression in so far as the factors 
concerned are affected. In the clone, reduction division dcK*s not 
occur in the line of d(‘scerit so that segregation in the Mendelian 
sen.sc* does not take plac(% yet somatic changes are comparable to 
segregation at rednction division in that chromosomes and factors 
are affected. In fact the analysis of characters in somatic variations 
and in germinal progeny has involved largely the same ideas. It 
seems that this would be triui. as in both the somatic and germinal 
tissue we are dealing with the same germ plasm and the same fac¬ 
tors. Discontinuous somatic variations then, can he reduced to a 
genetic basis and it is from this standpoint that selection in clones 
will be discussed. 


Selection Within Clones. 

In horticultural literature mention has been made many times of 
differences between the individual plants of a variety. These differ^- 
ences are vddely re(»ngnized by growers and nurserymen and their 
existence is not disputed. It has apparently occurred to a large 
number of observers that these differences could be isdated and 
propagated. This has led to the establishment of “pedigreed varie¬ 
ties.” In this connection a few of the more recent attempts to im- 
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prove horticultural varieties, and the influence of selection in 
clones will be reviewed briefly. 

The records of high and low yield in apples taken by different 
investigators (Beach ’03; Macoun ’05; Munson ’05-’08) have been 
summarized by Stewart (’10-’ll). Persistent differences, from 
. year to year, between different trees of the same variety, were also 
found by Shaw (’14). Commenting upon experiments of this kind 
as well as statements from a number of correspondents, Stewart 
observes that the rather scant evidence” of the value of selecting 
scions is negative. He emphasizes, however, the significance of the 
pure line or biotype concept in this connection. 

Wright (’ll) reports an attempt at bud selection in the York 
Imperial apple by the Tyson brother>s in Adams County, Pennsyl¬ 
vania. About 1900 the Tyson brothers selected scions from two 
trees in their York Imperial orchard, which were striking on account 
of the uniformity of their fruit. Tliey planted about 8,000 trees in 
a new orchard, all of the scions of which came from these two trees. 
At the time Wright made his report, these trees were just coming 
into bearing and he not(‘S some striking variations in reference to 
the characteristic lop-sidedness in this variety coming from the same 
bud. Not only were there variations in the apples on the same tree, 
but there was a striking variation between tlie productiveness of the 
different trees so selected, and Wright states that ^‘so far as the uni¬ 
formity of fniit is concerned, the selection seems to have Imhui abso¬ 
lutely without avail.” Stewart,* after further observations of 1he 
same orchard, confirms tlie above conclusion, hut also observes that 
an older tree when well loaded bears fruit '‘gencTally much less 
oblique” than a young tree. 

Fraser (’13) has found differences in trees of apple varieties, in 
yield, keeping of the fruit, uniformity, and woo<l color. (’(»rtain 
trees of the Oldenburg produced larger and better trees in his nurs¬ 
ery than others. Baldwin scions from the Auchter orchard, from 
one of the best trees as to fruit characters, prcKluced ‘^uniformly 
poorer growers than those propagated from several oth(*r individuals 
grown alongside.” Hubbardston trees were found with a remark¬ 
able variation in the color of wood produced. Some of the best 
types of this variety have light-brown wood, but the experiments 
have not advanced far enough to.corn;!at(* definitely the best typ<\s 
with wood color. 

In the Washington Navel orange, Shamel (’15) found that 
worthless and undesirable types occur in greatest numbers in the 
younger trees — that is, farthest removed from the original tree. 
The inferior types are looked upon as an evidence of running out, 
and represent in some groves from twenty-five to seventy per cent 
of the b(*aring trees. The high percentage of inferior types is be¬ 
lieved to be due to extensive propagation foom vegetatively vigorous 
trees which are poor fruit producers, and represent one of the eleven 
different t>^jes of the Washington Navel, and also from a failure to 


* Personal correspondence, J. P. Stewart, State Cpllefca, Pa. 
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select buds from the best and most productive types. This work 
shows that there are unproductive limbs as well as inferior trees and 
the development of uniform groves requires both to be ‘‘worked 
over'’ or eliminated. Bud selection is regarded as a means of 
isolating the best types of the Washington Navel orange as well as 
conserving and perhaps improving the variety. If there are limbs 
of the best and typical trees of the variety which “sport" to inferior 
and unproductive types, obviously continuous selection will be 
necessary to keep the variety true to type or from running out. 
Shamel has also found striking differences with the peach. 

Powell ('98) records an instance of variation in tlie Pay currant, 
in which 12,000 plants were produced asexually from the original 
purchase of 25. “The original bushes were uniform in size and 
heavy bearers.” Among the 12,000 new plants propagated from 
them were types which were “tremendous bearers, others light bear¬ 
ers, while still others produced no fruit at all.” In selection experi¬ 
ments with th(j blind and flowering wood of the rose, Corbett ('02) 
found no cumulative effect of selection in either and concludes “that 
the tendencies manifested in a branch are perpetuated” asexually. 

With Colnts, Stout ('15) found that selection was effective in 
changing several characters to such an extent that he wius able to 
(‘stablish varieties by selecting somatic variations. He concludes 
that “ judging the variations in any one pattern by the range of bud 
variations that have thus far developed, it appears that any pattern 
tested in considerable numbers gives by bud variation the entire 
range of changes possible. ’' Furthermore, when selfed seed 
progeny of Coleus were compared with clones the results “indicated 
only one of the patterns arosK* by fluctuating variations alone; that 
bud variations can give rist^ to as widely different forms as can be 
obtain(?d among the various members of a hybrid progeny.” It is 
interesting to note in Coleus that Stout considers “several of the 
principal types” to have arisen by “fluctuating variations.” 

flennings ('16), working with Difflugia, studied the effects of 
selection in “uniparental descent” in a form admirably suited to 
such a study in that the characbirs observed were congenital and not 
influenced by the “growth stages and environmental modifications.” 
Selection carried through a great number of generations showed 
that in this organism “the genotype is not constant, but changes by 
slow gradations, such as would not be revealed by imperfect selec¬ 
tion for a few generations.” Taking into consideration that the 
results in Difflugia> differ from those in Paramecium^ Jennings ('09) 
is “inclined to give much weight” to the difference between char¬ 
acters altered by growth and environment, and congenital charac¬ 
ters. This paper is concluded wdth the statement that “in Difflugid 
corona a population consists of many hereditarily diverse stocks; 
and that a single stock, derived by fission from a single progenitor, 
gradually differentiates into such hereditarily diverse stocks; so that 
by selection marked r(*sults are produced.” However, Jennings 
recognizes tliat we must not assume that the conditions are the same 
in all organisms and ^ ^ it seems not improbable that in more complex 
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organisms the germinal material is more definitely localized, more 
completely pro-tected from exterior influences, and manipulated in 
a more precise way, so that inheritance changes are less readily 
brought about. 

Cole and Wright (^16) show that in bacteria the experimental 
results in selection can be interpreted as being in agreement with the 
pure line concept. They conclude, after a careful survey of the re¬ 
sults of selection in bacteria that “the descendants of a single cell 
constitute a pure line, or, more strictly, clone, and on such material, 
although there is variation, selection is in no way effective unless 
actual hereditary mutations occur and are stiparated out. ’ ’ 

It will be seen from the above nwiew of the influence of selection 
within the clone that the results have been positive in some instances 
and negative in others. The difference undoubtedly lies with the 
material dealt with rather than with the method. The whole ques¬ 
tion involved in experiments of this kind is w^hethei* the selections 
dealt with differences which have a genetic basis or with fluctua¬ 
tions. 

Eliminating the fluctuations from the discussion it would seem 
that clonal permanence can also be considered ai)art from the con¬ 
troversial question of the influence of selection in varying a char¬ 
acter. Prom the genetic standpoint the question of clonal i)erma- 
nence then would be limited to those discontinuous somatic varia¬ 
tions which, as we have good reason to beli(^ve, art^ due to character 
changes brought about by irregularities in cell division. Prom tliis 
standpoint selection within the clone would consist in isolating 
variations of a genetic nature after they had once originated. It 
may be, judging from the experiments of Stout witli Coleus, that 
since some characters are believed to originate as fluctuations that a 
vegetative test of permanence is different genetically from a test of 
inheritance through sexual reproduction. Th(‘ question to be kept 
in mind in dealing with discontinuous variations in the clone is 
(a) whether it is the character which is unstable, or (b) whether it 
is the character combination. Some caution should be exerased in 
making this distinction since the clonal type would be affected by 
either. As we have seen in the case of quantitative characters, 
somatic changes may involve multiple factors and the effect which 
would result from a chaugt? in a single factor would be one of de¬ 
gree. It would seem from the nature of the discontinuous varia¬ 
tions observed in clones that the conception of the factor changes 
offers an adequate explanation. 

In Difflugia, Jennings found that “a population consists of many 
hereditarily diverse stocks^’ and that these are gradually repro¬ 
duced in a population from a single progenitor. Stout concludes 
from his work with Coleus that the same types could be isolated 
vegetatively as those which appear in a seed progeny. In the citrus 
also the types are very unstable. Tt would seem from the work of 
Stout that if the same types could be recognized in vegetative as in 
seed progeny, the characters are constant and that it is the char¬ 
acter combination which is unstable. Prom the commercial stand- 
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point the value of bud selection experiments in an unstable form 
like Citrus would depend upon whether the selected type was as 
permanent as the original variety. Fruit varieties are selected be¬ 
cause of some desirable commercial quality. Emphasis has already 
been placed on the extreme nature of many of these commercial 
characters. It should be remembered, however, that the desirable 
commercial characters in a clone have a genetic basis, and that types 
varjang from this permanently are genetically different. A selected 
strain from this standpoint would be isolating or maintaining the 
original, and it is a question whether the original desirable com¬ 
mercial cliaracter can be obtained again from a less desirable or 
inferior type which has varied from it by means of selection. 

The difficulty and uncertainty of detecting degenerate or infer¬ 
ior strains from fniit types is illustrated in the case of the Esopus 
(Spitzenburg) apple. (Certain trees in an orchard of this variety 
“consistently produced small, ill-Hhai)ed, inferior apples^’ (Kraus 
’16). The limbs remaining after the tree was severely cut back for 
working over, bore tlie finest fruit in the orchard the following fall. 
Otlier trees of this tyj)e not so severely pruned produced the usual 
inferior fruit. From this and other observations it will be clear that 
as a point of entrance in selection (‘X})eriinents in fruit clones, es¬ 
pecially the tree fruits, more attention should be given to an ex- 
(diange of scions or buds from the good ty3>es to the poor tyyies and 
vice versa in ord(*r to determiiu' whether the differcmce betwwn cer¬ 
tain observed trees is largely or altogether a matter of environment. 
If two or mon* types respond similarly on the same stock they can 
be considered as fluctuations, it will lx* evident from a survey of 
the literature on bud selection that this jirecaution was seldom ob¬ 
served so that thiUH* was uo eei-taiiity as to whether or not genetic 
differences w'-en* involvt'd in selection experiments. 

In a discussion dealing primarily with variations from the clonal 
typ<‘ tile impressions may be made that fruit varieties in general are 
very variable and unstabh*. Those wdio are familiar with the large 
blocks of many varieties of fruit propagated ^pexually in the nurs¬ 
ery without partieulai* attention to the selection of buds or scions 
and grown on a variabh* stock are imjircssed in the main by their 
uniformity. The wvitov dooH not wish to overlook this, yet it is im¬ 
portant to recognize that tliere are differences and that as a result 
of our nursery methods variations relatively restrichnl in extent 
from source trees may have a wdde influence. While there seems, 
undoubtedly, to be a difference in the permanence of different 
(‘lones, this does not preclude the possibility of similar influences 
acting on each. 

Tt would appear then that in the clone the conditions of descent 
are excellent for testing tlie permanence of the character since the 
element of sex with the possibility of recombinations is eliminated 
and cell division must of necessity fractionate tlie factors n^gardles^s 
of their nature or the structures which bear them. Furthermore, 
the element of foreign contamination is eliminated and a genetic 
eomWation once made is permanent except in those changes which 
occur in the course of descent and are discussed in this connection 
as discontinuous somatic variations. 
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Other Factors in ('ijONal Permanence. 

An influence of particular significance as modifying or affecting 
the permanence of the clone is that of ‘^Senility’’ (Benedict ’15) or 
‘‘Senescence” (Child ’16). Benedict based his work primarily 
upon young and old plants of the same species — Vitis vulpina. He 
used the size of the vein islets in plants of different ages within the 
species as a basis of measurement. His analysis indicates that the 
size of the vein islet is determined by some internal factor of the 
plants. They are largest in the young plant and show a progressive 
decrease coincident with age. The same facts W(‘re obtained in a 
number of oth(*r species. Other changes found to be correlated with 
age included a decrease in the rate of CO. production, a larger num¬ 
ber of stomata but of smaller size, and a decrease in the imbibition 
of water bv’ pulv(‘rized leaves. Th(‘ changes discussed are believed 
to be du(‘ to “true senih‘ degeneration’' and not to external or in- 
t(U*nal factors “other than those j)ro<luced in tin* lueristcmatic tissue 
by age.’' A decrease in xxuuneability is advanced as the most plausi¬ 
ble explanation of tlie changes obserwd. 

In reviewing this work ('hild (’16) points out that “cells which 
differentiate^ from ineristematic tissiu* undoulitedly grow old much 
more ra])id]y than the merist<miatic tissue,’’ and that the changes 
which result in a “decrease in size of tin? vein islet must be at most 
only the earliest stages of senescence.” (4iild also expresses the 
opinion that decrease in permeability, while undoubtedly an import¬ 
ant factor in s<‘nescence, may be looked upon as “merely the surface 
ex])ression of changes in colloids or in the protoplasmic substra¬ 
tum.” Sloreover, the em})hasis is placed uj)on the possibility that 
an apparently progressive change may in reality be mad(^ up of 
“many alternating jieriods or cycles.” “There is evidence that 
in many cases tint cell undergoes changes in the direction of senes¬ 
cence between divisions and in the direction of rejuvenescence at 
divisions.” 

Of particular interest are tin* preliminary investigations of 
Benedict in clonal varieties. Judging from th(‘ vein islets lIuTe is 
a progressivt* d(‘crease in their size with age, in clonal individuals 
removed from tlu* [lareiit plant by many generations of asexual in¬ 
dividuals. This held tru(‘ with clones of different ages in the grape, 
ixiar, apple, plum, and peach.’ There is rejuvenescence, however, in 
seedlings as shown in the seri(‘s Concord, Worden (a Concord seed¬ 
ling), and a Concord seedling. The rate of decrease was found to 
!)♦* most rapid in the shortest lived fruit, as th(» ])each. 

Benedict advances the opinion from these studies that our clones 
“must in time run out” and that rejuvenescence must be brought 
about by periodically resorting to new seedlings. “The general 
opinion among growers secuns to be that those varieties which have 
been long propagated in this way (vcgetatively) are showing de¬ 
crease in yield and in resistance to disease.’’ 

No mention is made of a genetic change, in fact the implication 
is that th<‘re is none as a result of the “senile” (Juinges. If a loss 
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of factors occurs with age in clones, progeny from the older and 
youn^r individuals wduld differ fundamentally in character ex¬ 
pression, which should indicate which characters were lost. Van 
Mons (1765-1842) advanced the idea that the older varieties gave a 
seed progeny of less variability (Bailey ’95). With the loss of cer¬ 
tain factors combinations could occur in which there would be little 
or no rejuvenescence through crossing. 

^‘Running out” seems to be a phrase which has persisted in 
horticulture. Running out and being replaced, or going out of 
style” are different phenomena. Several factors enter into it. 
Undoubtedly one of the principal influences operating commercially 
is the competition of the older with the newer forms. Witness the 
“leaders” of the tree agent. Another consideration is mixing and 
substitution. Note the trees which are “not true to name” in the 
orchard and the synonyms in the literature. Then diseases and in- 
s('cts, failures in adaptation or unsuited regions of varying extent, 
poor culture, and seasonal influences, enter in and account for a 
large part of running out. A retrospective glance at the “recom¬ 
mended” list shows many omissions of once “popular” varieties, to 
the old grower; the old varieties have run out. It may be just as 
true to say that newer ones have run in. Speaking relatively, how 
about Concord and Catawba, or Elberta and Crawford? 

Aside from these factors, how(»ver, tluTc is a well-grounded be¬ 
lief among growers that varieties change in vigor or fail because of 
some fundamental changes. The influence of the stock upon the 
scion is supposed, in many cases, to be an important consideration. 
Observable changes, such as dwarfing, give ground for the implica¬ 
tion that others less obvious an* taking })lace. This old ques¬ 
tion may yet be regarded as unsettled. Griffon (’14) concludes, 
however, after an (extensive investigation of variation in grafted 
plants, that grafting has not given rise to a “specific influence capa¬ 
ble of modifying the fundamental character of species or of races.” 
He states further that it is unnecessary to assume the occurrence of 
‘^asexual hybridization” to explain the infrequently observed varia¬ 
tions. If this statement is true, nursery methods would not intro¬ 
duce an element which would influence the stability of the clone. 

East (’08 b) says that the ]>otato showed no running out as a 
result of continued asexual propaganda. “No data have been ob¬ 
tained which refute this view, but the study of progeny of selfed 
potato varieties has suggested an explanation of a certain amount of 
diminution in vield after long continued asexual propagation.” 
Webber (’09) states that “cions of annual plants are rarely so sta¬ 
ble or last so long as the cions of perennials.” The life of a carna¬ 
tion clone is “seldom more than 10 years and the same may be said 
of the life of our races of annual vegetables, ordinarily.” 

In the case of degeneracy or the place effect in the potato we 
have an example of what is popularly known as nmniug out 
(Kohler ’09, Fitch ’10, Stuart, ’13). Emerson (’14) found that 
'‘degeneracy” of this type conld be corrected by mulching. In 
this case the environmental inflxience, largely soil temperature, ap* 
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pears to be responsible. East (’08 b) makes a careful summary of 
the evidence as to degeneration in the potato and concludes that the 
hypothesis seems to have “little ground either in theorj’' or in prac¬ 
tice.” A careful study of some degenerate strains of potatoes was 
made by Stewart (’16). He dealt particularly with the forms of 
degeneration known as leaf-roll, mosaic, and curly-dwarf. He 
found that plants showing all of these forms of degeneration may 
come from the same tuber, as in Green Mountain, Jr. The follow¬ 
ing excerpt sets forth briefly Stewart’s conception of the nature and 
origin of the abovi^ degenerate^ types. Assuming accuracy in diag¬ 
nosis and that no accidental mixing occurred, Stewart says “the 
(lata presented indicate that leaf-roll, mcxsaic and curly-dwarf are 
(dosely related disorders due to th(‘ same general cause. What that 
CHUS(» may we do not know. However, it may be confidently 
stated that it is not an organism of any kind. The writer has seen 
no evidence that any one of the thret‘ forms of degeneration is com¬ 
municable from one plant to another except through the seed-tuber. 
N(‘ither can the cause be ascribed to any weather or soil condition of 
the current s(*ason. Normal and afle(*t(‘d i>lants may grow side by 
side in the same soil under the same weatiuu* conditions. Their 
hereditary character and the fact that normal and affected plants 
may come from different buds of the same tuber sugg(‘st that three 
forms of d(*generation hav(‘ their origin in bud-variation. On the 
otlier hand, the fact that plants may be aflVeted with leaf-roll and 
mosaic in wid(dy diff(U‘ent degrees is opposed to this vdew. Usually, 
bud-varieties ar<‘ inor(‘ constant in tluur characters. Also, it is v<iry 
unusual for the same sort of bud-varhdies to occur so frequently as 
do th(\se three kinds of dcg(m(*rate ])otato ]flants.” 

It remains for future invc^sligations to show whetlier all of th(‘ 
influeiK’es summed up by running out an* now known. Continued 
v(»getativ(* ])ropagation is not nec(*ssarily a factor since in some 
forms, as th(‘. grape (Viiis viuifera), the yam (Dioscorca miiva), 
and the fig, j)ropagation by this means foi- emiturit^s has been prac- 
tic(Ml with no a])parent (dfeet (l)uggar ’ll). Tt is evident, however, 
from the foregoing that opinions vary as to tht^ aetnal occurrence of 
running out. A distinction must be made betw(Hm those influences 
more or less tem]>orari]y and, broadly speaking, arising from tlu^ en¬ 
vironment, and g(‘netie changes. Tt appears that there ai'c non- 
genetie influences, morc^ or less permanent, which result in a de- 
creas(^ in vigor, size, or yield which are of importance from the com- 
uKTcial stand])oint. Weismann’s test as to the iHumianence of an in¬ 
fluence from the hereditary standpoint can be applied in connection 
with those factors causing running out, i. c., a <*ertain change result¬ 
ing from a given influence must persist wIkmi the influmice is 
r(‘m(nvd. 

The following are some of tin* points which may be 
restated in summarizing this paper. Sex and v(‘getative propaga¬ 
tion both (‘xist in most fruit varieties. * Both processes can be used 
as methods of obtaining new individuals, yet from the standpoint of 
heredity th(*y are fundamentally different. Tlie taking on of sex by 
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plants has not changed the independent relation between the parts. 

Relatively few of our commercial varieties have originated as dis¬ 
continuous somatic variations, or “bud sports.” In the apple, 
cherry, grape, and plum, out of a total of 2,664 varieties, 5 are be¬ 
lieved to be bud sports, both parents being known in 146, one parent 
in 265, and neither parent in 2,248. 

Variations in clonal varieties may be grouped broadly under 
fluctuations, or non-inheritable variations, and discontinuous 
.somatic variations of a genetic nature, which are completely or par¬ 
tially inherited in seed progeny and which propagate true asexually. 

Discontinuous somatic variations have occurr(^d with many dif¬ 
ferent characters in a large number of widely different forms. These 
have included size, color, lobing, season, stature, yield, pubescence, 
fertility, and abnormalities. 

Many horticultural varieties are of hybrid origin and are char¬ 
acterized by extremes of the substratum or genotypic complex. 
Since these extremes are carried forward asexually almost indefln- 
it(*ly in fruit clones they may be of influence in clonal permanence. 

Permanence in the clone depends upon tin; exactness with which 
the. germ plasm is fractionated. In tin; older fruit varieties it is 
evident that cell division has been subjected to severe tests. 

The observed irregularities’in chromatin distribution would ac¬ 
count for discontinuous somatic changes on the basis that the 
chromosomes carry the hereditary factors. Irregularities in divi¬ 
sion would affect character expn^ssion in so far as the factors con¬ 
cerned are affected. 

In the clone, rc'duction division does not occur in the line of 
descent, so that segregation in the Mendelian sense does not take 
place; yet somatic changes are comparable to segregation in reduc¬ 
tion division in that chromo.somes as carriers of factors are affected 
in whole or in part, and in somatic or germinal tissue wc are dealing 
with the same germ plasm and the same factors. From this stand¬ 
point discontinuous variations in clones can be reduced to a genetic 
basis and clonal permanence can be considered apart from fluctua¬ 
tions and the effect of selection in varjung a character. 

Selection experiments in clones have in some places given posi¬ 
tive results and in some negative. The difference undoubtedly is 
with the material rather than with the method. The. question in¬ 
volved is whether or not selection is based upon variations which 
have a genetic basis. 

In the main, most commercial varieties can be reproduced rela¬ 
tively true vegetatively, but ovring to the nursery methotls, variatioM 
of infrequent and local origin may have a far-reaching influence in 
that within the variety the off type would be widely disseminated. 

Other influences of a non-genetic nature, such as senility and 
disease, may affect clonal permanence in varying degrees. Future 
studies of these will be watched with interest in this connection. 
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EXPEKnCBNTS IN BUD SELECTION WITIT THE APPLE AND 
VIOLET AT GENEVA. 

R. D. Anthony and J. W. Wellington, 

Experiment Station, Oe.ncva, N. Y. 

In presenting this report we will not attempt to throw wiy light 
upon the immediate problem of bud selection Our experiments at 
Geneva have not progressed far enough as yet to make that possible. 
What we do wish is to outline the plan of the work and to discuss 
some of the difficulties involved because we believe this may aid to 
a better understanding of this type of problem. 
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In 1896 plans were completed by Prof. S. A. Beach, then 
Horticulturist, for a fertilizer experiment with the apple at Ge¬ 
neva. To reduce the variable factors as much as practicable, 
Ben Davis trees that were as nearly alike as possible in height, 
caliper, mode of branching and character of root syst^^m were se¬ 
lected from a single nursery block. After planting, these trees 
were top-budded to Rome Beauty, all the buds coming from a tree 
which had stood in the Experiment Station orchard for many years. 

In 1911 when Prof. Hedrick decided to undertake experiments 
in bud selection in the apples, he saw that this orchard, then in 
its fifteenth year, offered an unusual opportunity for such work. 
Northern Spy roots were secured and these were budded from the 
best and the poorest Rome Beauty trees in each of the five ferti¬ 
lizer blocks. Twelve trees of each kind w<‘re planted under fairly 
uniform soil conditions. 

Although the original trees from whi(*h the buds were taken 
have not all of them retained the same relative rank, nevertheless, 
the changes arc not great enough to be of much importance. As 
the parent orchard becomes older and we bec^ome more familiar 
with its performance and with the soil we art* beginning to realizt* 
the extent to which position in the orchard Iuls determined the high 
and low yielding trees. 

In the spring of 1911, eighty-four Baldwin trees were setmred 
from forty different sourt'es scatt(‘red over the entire country. 
These were planted in a privately owned orchard near the Experi¬ 
ment Station. These trees had, of course, been subjected to widely 
different environmental conditions and were varying degrees re¬ 
moved from the original Baldwin tree. These trees have not re- 
(‘.eived the best of care and the soil conditions in the orchard have 
proved to be rather lacking in uniformity. For these reasons and 
because of the great possibility of variation in the root stock, it 
is doubtful if any definite conclusions can <wer be drawn from 
them though it is possible that variations in shape and color might 
be seen. We are now planning to repropagat(‘ these trees on Nor¬ 
thern Spy roots and to plant them on the Experiment Station 
grounds under as uniform soil conditions as we can secure. If we 
can eliminate tin* variable factors to a sufficient extent these trees 
should give us some idea of the stability or la(*lv of stability of this 
variety. 

Recently the use of the term “pedigree^' l)y some of the fruit 
nursery companies has made it seem dcvsirable to hasten these ex¬ 
periments in bud selection. For this reason it was deeifled to work 
with some plant where a generation could be secured more rapidly 
than with the apple. The double violet seemed to offer desirable 
material and it was decided that the length of the blossom stem 
was the simplest chpacter to use. In the autumn of 1914 eight 
hunderd Marie Louise plants were purchased from a commercial 
housiL For commercial stock the plants were xiniform and vigor¬ 
ous and made a good start. 
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The bouse set aside for the violet experiment is the south one 
of a range of three. Adjoining it at right angles on the west is 
a palm house; to the east, and also at right angles, hut separated 
by a narrow alley, is another house. This east house is on a lower 
level and does not appear to influence the light, though it does 
protect from the oast winds. Owing to the position of the houses 
on the west and north, the southeast half of the violet house gets 
somewhat better light than the northw^est half. On the other hand, 
the prevailing winds are from the southwest and in the coldest 
w^eather there is frequently a difference of as many iis four degrees 
between the exposed southeast corner and the sheltered northwest 
corner. The fact that the house is twenty-five years old does not 
help to maintain the desired temperature. 

The plants are placed in two benclies running east and west 
and separated from each other and from tlie walls of the house by 
passagew^ays. In discussing the data these benches will be spoken 
of as the north and the south benches. We give this detailed de¬ 
scription of the house location because, much to our surprise, we 
are finding that the factors influenced by location—heat and light 
—are having a very eonsiderahle hearing upon the experiment. 
Perhaps a few words should be said as to the general methods of 
handling the plants. Through tin* summer they are grown in cold 
frajues. They are brought into the house about September first 
and are ready for th(*ii* first picking about the luiddle of October. 
Each stem is itieasured to the nearest half-inch. The harvesting 
is continued until tin* first of March when the plants are allowed 
to form runners from which the cuttings arc made for repropa¬ 
gation. 

Although the main problem is the study of stem length we have 
also tabulated the data for yield and in our selection have made 
four groups: those having long stems and high yield: those hav 
ing short stems and high yield; those with long stems and low^ 
yield; those with short stems and low yield. As the experiment 
goes on w^e will probably have to throw' less and less emphasis upon 
yield in order not to interfere with our selection for length of 
stem. The data for two years of work are, of course, not sufficient 
to throw any light upon the problem of asexual inheritance and it 
will not be worth while for ns to give any of these data which 
hear directly on this phase of the w^ork. These two years have, 
however, enabled us to make a general studv of the violet and of 
some of those factoi’s wdiich influence stem length and yield. 

With the mixed population of the first year, we confined our 
work to a study of house constants and frequencies. As stated 
before, position in the house was found to have considerable influ¬ 
ence upon plant performance. In chart 1 wo have plotted the 
yields of the two benches for the first year, grouping the plants by 
two rows of 16 plants, these rows running across the benches. The 
straight lines have been computed for these series of values.*" 
Prom these straight lines we see that the east end of the house is 
more favorable to production than the west end and that this con- 
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dition, is accentuated in the north bench. If it were possible for 
us to plot a (^urve for intensity of light we would get similiar re¬ 
sults due to the i>osition and surroundings of the house. The sud¬ 
den drop at the east end of the south bench is probably due to the 
low temperature at this corner. 

The effect of position upon stem-length during the first year 
is not as clear because the changes are smaller and more easily 
confused with other factors. In (‘.hart II we have plotted the 
average stem-length of the plants by groups of two rows and com¬ 
puted the straight line for these series for each bench. In the 
south bench the negative slope of the line may be explained by the 
fact that plants grow more spindling in poorer light and hence the 
stems would be longer as we approach the darker end of the house. 
We would expect this condition to be the same, or even to be ac¬ 
centuated, for the north bench yet the line of the whole bench is 
nearly flat, but if we drop off the last ten rows at the east end 
and compute the straight line for the rest of the bench, we have 
a greater negative slope than in the south bench. At the east end 
of this bench where these ten rows were, the plants seemed to find 
(jonditions especially suited to their needs as is shown by the fact 
that from these we selected a very high proportion to repropagate 
in our long stem, hight yielding group for the following year. 
The better light and the more uniform heat are probably respon¬ 
sible. Another factor >vhich perhaps served to give these last ten 
rows a higher average was the death of several plants very early 
in the year before the bed got nicely started. This removed the 
weaker plants and gave the remainder more light and room. It 
seems fair to drop these ten rows in considering the effect of light 
upon stem length in this north bench. 

In charts 111 and IV are given the frequency curves of yields 
and stem lengths for the first year. Upon these w^e have plotted 
the extreme points used in our selection for both of these factors 
and also the mean values of our four groups. Turning back to 
chart 1 we can see that we could place a block of one hundred 
plants in each of the two benches in such positions that the place 

* At the suggestion of Dr. II. II. Love, of the College of Agriculture, Ithaca, 
N. Y., the following formulae were used in computing the straight line: 

Y ^ M X -f N. 

SY^SMX + SN. 

SXY = >;NX-fS X2M. 

The use of these equations can be explained by reference to Chart 1. In 
this, Y equals the average stem length of eacli group and is plotted as an 
ordinate. X is the unit distance along the line of abscissas. To simplify the 
calculations this unit distance is representect by one. The first value from the 
origin is given an X value of zero. In the north bench the equation for the 
first value of Y then becomes: 

y=^mx + n. xy xm. 

257 M O-f N. OY CM. 

The second value of Y is then: 

238 = Ml N, 338 IM. 

When all the equasions are arranged in this way the summations are taken. 
The value of N is then the origin of our line and the value of M is the (dope. 
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variation in yield would be nearly as great as the difference be¬ 
tween the lowest mean in our high yield selection and the highest 
in our low yield selection. Although the place variation in stem 
length, as shown by chart 11, amounts to less than one-tenth of 
an inch, nevertheless this is sufficiently large to be a very serious 
factor in studying the tiuctuations of groups of plants which might 
happen to fall year after year in locations of extreme variation. 

We thought the lack of uniformity in house conditions and the 
resulting variations were sufficiently complicating, but it was not 
until we began to study the correlations of some of the factors in¬ 
volved that we began to realize the extent of our troubles. The 
straight line in chart V illustrates graphically the relation which 
existed between total yield and average stem length in the mixed 
population of 1914-15, 4- a correlation whose cot^fficient is 0.4273 ±: 
0.0202. This line was determined from the fonriulae discussed 

IMFIUCNCC Of POSfTION om YIELD CORRELATION « YitLD LctfGTH 
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previously from the series of points representing the average stem 
lengths of the various yield classes. Upon this chart we have plot¬ 
ted the average stem lengths of the yield classes in the four groups 
of plants selected for further jiropagation. These are represented 
by the circles. 

At this point it is probably well to stat(' that the coefficient of 
variability (the ratio of the standard deviation to the mean) of the 
stem lentil for the mixeil population is 5.8 ± 0.101. This shows 
that stem length is sufficiently stable to inak(‘ it a desirable character 
to use in such a problem as this. Unfortunately, we did not realize, 
the first year, the extent to which the vigor of the plants would in¬ 
fluence the experiment and so did not take careful record of this 
factor. The se(‘ond year the plants were graded for vigor twice, 
once at the end of the first group of seven pickings and again just 
at the end of the harvest i)eriod. 

In chart VI we have a graphic illustration of the correlation of 
stem length and vigor through the twenty-one harvests of 1915-16 
divided into three groups of seven pickings ea(*h for the group of 
plants selected for long stem and high yields. For the total period 
the coefficient of correlation of stem length and vigor is 0.778 ±: 
0.18176. On this same chart is shown graphically the shifting of 
the yields for the three periods of liarvesting and for the total 
harvest. The coefficient of correlation for total yi(*ld and vigor 
in the “long higlF’ group is 0.7546 ±: 0.191. 

The slope of the four lines showing the relation of yield and 
vigor for the three groups of seven inckings each, and for the total 
as compared with the slopes of the (corresponding lines for stem 
length, show a seasonable flmduation of the relaxation between 
yield and stem length. The previous year in the mixed population 
this correlation was about forty-two for the whole y(‘ar. Because 
of this seasonal fluctuation we can place but little reliance upon 
this value. When we stop our harv(*st in March in order to start 
re]>ropagati(>n, we are in a period of heavy yields. If we were to 
shift the date of closing either way by two weeks we could ma¬ 
terially change this correlation of yielti and stem length, and yet, 
naturally, we had expected to place much reliance upon this very 
same correlation in studying fluctuations in succeeding generations. 

Although the lines plotted in chart VI are for the plants se¬ 
lected for long stem and high yield, the same gimeral conditions 
hold in the other three groups. 

We have presented these results with but one thought in mind— 
to show the pitfalls which surround such a problem as bud selec¬ 
tion-—in order to s(K*ure criticism which may be helpful to us and 
to others working along these lines. 



IMPROVEMENT OF VEOETAIJLE VARIETIES BY SELECTION 77 


IMBrnYIMEm OF VEOETABLE VAEIETIES BY SELECTION. 

By Bichard Wellington, 

Experiment Station^ University Farm, St. Paul, Minn. 

The improvement of vegetable vericties by selection is an old 
subject which has probably been discussed since man began to cul¬ 
tivate and feililize wild plantis. The methods used in selection, 
liowever, liave changed from time to time and especially since the 
discovery of the report of Menders experiments in 1900 and the 
appearance of Johannseirs work on pure lines in 1903. Previous 
to the reappearance of Mendel’s work, the entire plant was gener¬ 
ally (considered the basis of breeding experirneiits, but now that it 
is known that certain characters within the plants are composed 
of either simple or complex units which segregates during reduc¬ 
tion division ac^cording to a definite* law, we are concentrating our 
attention on genes, fac'tors, determiners, intensifiers, inhibitors, etc. 
Again, ])efore Johannseii’s work was published, the variety was 
usually taken at the basis for selection, but now our attention is 
confined largely to individual plants and we think of them accord¬ 
ing to their genetic composition as genotypes, biotypes, and pheno¬ 
types. With these new tools or hypotheses we should be far better 
equipped to improve vegetables than our predecessors. 

There may be a need for new varieties of vegetables for special 
(5ondiiions, purposes, and markets, but there is a far greater need 
for improvement of those that we now have. Valuable work in 
selection is, of course, being done and has been done by private in¬ 
dividuals and by investigators in the agricultural experiment sta¬ 
tions, United States Department of Agriculture, and other insti¬ 
tutions, and yet the field has scarcely been scratched. Each va¬ 
riety of importance should be separated into all its possible com¬ 
ponents, and thos<^ components should be thoroughly tested as to 
their vigor, productiveness, and resistence to disease and adverse 
conditions; and recombined, where pos.sible, to determine whether 
beneficial effects would be derived from crossing. 

In order to advance selection work as rapidly as possible, I 
strongly urge every one who possibly (*an and who has not already 
entered this field to do so at his earliest convenience. By dividing 
the varieties among the experimenters most favorably located and 
equipped to handle them, the burden of improving many kinds 
would not fall heavily on the shoulders of a few and the total 
results would be very great. Investigators in the states of Wash¬ 
ington and New York, for instance, might improve the cauliflower 
varities, while others less favorably located could work on the onion 
or some other vegetable. If more than one investigator wanted to 
work on the onion, the varieties of this vegetable might be divided 
among them, according to the importance of the varieties in tilfeir 
respective regions. Co-operation of numerous investigatora^would 
require the use of uniform methods of procedure and uniform rec- 
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orcls, in order to obviate confusion in the interpretation of results, 
but this is only a minor phase of the main problem. 

Roughly speaking, the methods of procedure would depend 
largely on the methoil of propagation of the i)articnlar vegetable. 
For example, corn, squash, and other plants commonly cross-fer¬ 
tilized would have to be selfed and the inferior strains preserved 
by ‘‘heterosis,’’ isolated. Perhaps some of these unproductive 
strains may have a value when combined with other strains, and 
so, where feasible, the}' should be thoroughly tested before dis¬ 
carding. Tomatoes, peas, and beans, on the other hand, which 
are commonly self-fertilized, probably carry along fewer inferior 
types than the cross-fertilized plants, but even these vegetables, as 
experiments have proved, can be improved by eliminating the weak 
individuals and preserving the strong. Asexually propagated 
])lants, as the potato, should be free from degeneration, but j)rac- 
tically they are not, for weakened individuals appear more or less 
frequently and reduce the yield din^ctly in proportion to their 
number. 

At the Minnesota Agricultural Experiment Station considera¬ 
ble attention has be(m devoted, in the last three years, to the im¬ 
provement of vegetable varieties by selection, and already impor¬ 
tant results have been obtained. In order tliat vegetable investi¬ 
gators may know what work is in progress it is deemed advisable 
to publish a i)reliminary report. The vegetables under investi¬ 
gation are the cucumber, lettuce, tomato, squash, canning pea, bean, 
onion and potato. These have been selected because of requests 
from growers, their commercial value, and time of ripening. It is 
obvious that crops maturing at different seasons allow a more eco¬ 
nomical distribution of labor and funds. 

In the cucumber, individual plants from several varieties have 
been isolated and their fruits studied. Great variation was noted 
in the type of fruit borne by different plants of certain well-known 
standard varieties, as the Davis Perfect, and very little variation 
in others, as the White Spine and Lochie Perfection. The experi¬ 
ments so far indicate that it will be possible to* secure more uni¬ 
form types of this vegetable. 

Plants selected from a variable or mixed lot of Big Boston 
lettuce, and selfed, have thrown light on segregating characters in 
this vegetable. Two leafy plants* split into loose, head, md inter¬ 
mediate types, indicating, as Durst pointed out in last yearns re¬ 
port of this Society, that the heading character of this plant is 
(composed of more than one unit factor. Heads tinged with red 
gave pure greens and reds of varying degrees, the proportions also 
substantiating Durst’s statement that green color behaves as a re¬ 
cessive to red. A variation of about ten days occurred in the 
time of heading of the original lot, and it is hoped that this early 
heading characteristic can be fixed to an otherwise desirable type. 

In studying the influence of crossing in increasing the yield 
of tomatn varieties, records were kept of pedigree strains, and the 
data obtained corroborated the work of Myers at the Pennsylvania 
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Experiment Station. Great differences were found in the pro¬ 
ductiveness of strains isolated from standard varieties, notably the 
Earliana, in which a calculated variation of ten tons per acre oc¬ 
curred in 1915. The highest yielding strain produced smooth 
fruits and gives promise of being a valuable acquisition, especially 
as it outyielded, in 1916, a strain whose seed is valued at $5 per 
ounce. A surprising incident is that in 1916 the lowest yielding 
strain of 1915 outyielded the highest jdelding strain of the same 
year by a small margin, even though it produced ten fruits less 
per plant. This reversal in productiveness was undoubtedly due 
to the excessive heat and drought which occurred when the high 
yielding strain, which was earlier, was ripening the major part of 
its fruit. On the contrary, the cool wet weather in 1915 undoubt¬ 
edly assisted in making an abnormal increase in the yield of the 
earlier and more prolific strain and abnormal decrease in the later 
ripening strain. Considering the pros and cons of the case, the 
1915 high yielding strain, especially since it produces more fruits 
per plant, will undoubtedly maintain its lead during a normal sea¬ 
son, but in a less marked degree than in seasons similar to 1915. 
This incident is mentioned to emphasize the necessity of conduct¬ 
ing tests for several years before drawing definite conclusions, and 
to (*all attention to the fact that yield is not ahvays an absolute 
(‘riterion of the value, of a plant. 

Of the different vegetai)le8 tested, the Hubbard squash appears 
to be giving the most marked results. Several distinct strains, re¬ 
markably uniform in shape, color, smoothness, w^artiness, and thick¬ 
ness of flesh have lH‘en isolat(‘(l and if one of them or a cross be- 
tvv(‘en them is more productive and more nearly uniform in de- 
sirabli' (*haracteristic.s than the stock now on the market, a distinct 
gain will be iriade for tlu* .squash iiulu.stry. 

In the Alaska pea and the variety of the Refugee beau, 1000 
to 1, many strains have been isolated and in several cases the 
productive mother plants have given productive progeny. The 
yields of the bean strains were not taken this year, as the blos¬ 
soms dropped (luring the hot and dry wT^ather. A severe attack of 
thrii)s ami red spider probably also aided in the blasting of the 
flowers. A small quantity of s(‘ed, how’^ever, w^as gathered, and a 
great variation in the prevalence of blight was noted on the pods 
of the different strains. This difference in disease resistance was 
so striking that it seems worth while to make tests to determine 
w^hether it is accidental or due to physiological or morphological 
causes. 

Next to the squash, the onion has given the most striking re¬ 
sults. Numerous strains have been isolated from individual bulbs, 
which vary in shape, size, color, and keeping quality, and the split¬ 
ting of the types after selfing has given indirect information oh the 
segregating characters. One strain gave promise of being exceed¬ 
ingly valuable, as it was not only remarkably uniform, but an ex¬ 
ceptionally good keeper. Unfortunately this good keeping quality 
proved to be associated wfith a weakness in the production of seed, 
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anti so it is doubtful if the strain can ever be propagated on a 
eoiiimercial basis. IIo^vever, uniform strains have been isolated 
which do not possess apparent w^eaknesses and perhaps at least 
one of them will pay for the expenditure of time and effort on 
this crop. 

Selection experiments on the Early Ohio and Sir Walter Ra¬ 
leigh potato varieties have been made at University Farm, and 
after two seasons the tubers became too small to be used for seed. 
Uowever, when the samt‘ varieties were grown for oik* season at 
University Farm and the following season at Duluth and Grand 
Rapids, degeneration lias not appeared. Identical varieties grown 
within a few miles of University Farm, but on different types of 
soil, also liave not suflVred a loss in productiveness and vigor, and 
therefore the so-called running-out or degeneracy is evidently due 
to the soil rather than to (climatic conditions and diseases. These 
results indicate that when potato varieties degenerate rapidly on 
account of adverse conditions, time and effort can Ix^ more profit¬ 
ably expended on other problems than selection. 

In closing, 1 wish to call attention to the value of selection ex¬ 
periments in improving vegetable varieties as research problems 
for graduate and advanced students. The large number of varie¬ 
ties and the inany characters that may be improved, give an almost 
unlimited number of problems to draw upon, but in order that the 
student may secure immediate results it is advisable to start him 
on a project that has been in progress for at least one or two 
years. By organizing and concentrating the attack oji the im¬ 
provement of vegetable varieties by all known forces, it should be 
possible within a few years to save producers and consumers 
thousands if not millions of dollars annually. 


FRIDAY, DECEMBER 29, 10:00 A, M. 

VARIETY TESTING^. 

By L. C. Corbett, 

United States Department of Agriculture, Washington, D, C. 

In the broad field of horticulture we have two classes of varie¬ 
ties. One is represented by the apple, the pear, and other vegeta- 
tively propagated products. This group we may call, for our con¬ 
venience, stable or fixed varieties. The other class of varieties may 
be represented by cabbage, beets, or radishes, in fact by any seed 
propagated variety. This group consists of fluctuating or plastic 
varieties, but even in this group each name of a variety should 
stand for a definite concept and, in fact, for a definite entity pos¬ 
sessing a certain combination of attributes. No two individuals re¬ 
produced through the me^um of seed reproduction ever posseas tho 
same combination of attributes in exactly the same degree. In this- 
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-(dass of varieties therefore there naturally exists a certain normal 
latitude of fluctuation. 

In pure strains of many horticultural varieties, even though 
perpetuated through seed, we find the individuals in the progeny 
resembling one another so closely that they can only with the clos¬ 
est scrutiny be distinguished one from the other; and when true 
inor])hologieal characters are considered and somatic characters 
vvliich are subject to fluctuation ignored, the approach to constancy 
in such progeny becomes oven more pronounced. In such a line- 
hred population we find suitable material for worth while variety 
tests. 

hVom what I have said it will be gathered that any population 
woi’thy of a name of a variety must in the first place possess a 
d<»fijiite combination of morphological characters so persistently re- 
jiroduced in all the individuals of that progeny that they are dif- 
fi(‘ult or impossible of individual identification, that is, a popula¬ 
tion consisting of individuals the dominating characters of which 
are class or variety (‘liaracteristies rather than individual charac¬ 
teristics. In reality the class characteristics observed in a popula¬ 
tion deserving the name of a variety are the individual character¬ 
istics of the progenitor of that variety transmitted to its offspring. 
In seed propagated plants such a population is most likely to be 
secured through progeny row selection, and when once obtained 
it (‘an only be maintained through a continuation of the system. 

ilut when we consider the products of tlie trade, particularly 
tlu* vegetables i>ropagat(Ml by s^^eds, we find altogether another story. 
Witii the exc(‘ptiou of a f(‘W stocks developed by ])lant breeders, our 
commercial vegetable seed is made up not of line bred stock de¬ 
veloped from a single an(*estor, but as a rule from sevt.Tal plants 
showing d<^sirable attributes or chjiracteristics. The seed of these 
plants is mixed to form .stock seed for the following season’s sup¬ 
ply, If any considerable number of ‘"offs” or undesirable plants 
appear in this ero]), they are (theoretically at least) rogued for 
the purpose of eliminating the undesirables. From what is now 
known of the behavior of the prog(my of individual plants when 
snbje(*ted to line breeding it is evident that any lot of seed derived 
from a mix(*d anceslr>^ (*an never be reduced to the close limits 
])ossible with line bred products from a single individual of su¬ 
perior merit. To prove that the vegetable seeds offered by the 
trade are, for the most part, of this conglomerate character. I need 
go no farther than to <‘all your attention to the condition presented 
by a sample of seed of any of the so-called varieties of beets now 
available in the trade. Practically every sample of seed of any of 
the turnip rooted beets will be found to contain 50% or more of 
roots resembling tnore or less closely the form and other charac¬ 
teristics of the variety, but the remaining population will be made 
up of an admixture of all possible variations of the turnip rooted 
beets. 

1 dare say that outside of the work done by Prof. Wm. Stuart, 
there is little trial work with potatoes that is worthy of the name* 
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Before he uudei*took to establish pure strains of the varieties ik the 
trade by progeny row and hill selection methods, there was no 
material available which could be used as the basis of a real variety 
test of potatoes. Before this purification work was done, we were 
merely comparing on<‘ mixed lot with another mixed lot, and from 
the results of comparing one mixture with another mixture, the 
industry was enlightened iii regard to which was tin* best, what 
shall I say—variety or mixture? 

If the material we use as the basis of a vegetabh* trial is itself 
50% or more ‘‘otf^’ type, pray tell me what do w(i get by <iom- 
paring different lots of such material ? 

With most other vegetatively propagated plants the problem is 
quite different, for with them we simply divide the individual and, 
save for bud variation, we secure a constant or fixed population, 
each individual of which possesses the characteristics of the pro¬ 
genitor of the sort. With these concfjpts of what constitutes varie¬ 
ties as measuring sticks, let us for a lirief interval review horticul¬ 
tural activities to determine what has acdually been done in the 
way of testing or (jomparing varieties. 

If we accept the nomenclature of fruit varieties as accurate, 
then we are forced to accept the variety trials with budded or 
grafted fruits as falling within the scope of our concept. But even 
so, what can we say of the basis upon which such studies have been 
conducted. For the most part, such studies are not comparable 
because no tw’o investigators use the same outline for note taking 
and consequently one observes characters not noted by the other 
and even w’hen the points of observation are nominally the same, 
the objects of the studies have been different and as a result the 
observations on supposedly the same features vary. 

Variety trials conducted with comparable materials and by the 
use of the same study outlines possess a variable factor in the in¬ 
dividuals making the observations. To reduce this to a minimum 
a system of note blanks has been devised for varietal studies with 
vegetables which goes so far as to limit the phraseolog>" of the ob¬ 
server. This, together with the use of statistical methods for re¬ 
cording the performance record of the population, goes a long way 
towards making the work of different observers comparable. 

The variety test of the future of seed-propagated plants, will 
be bastid on line-bred progeny, recorded on uniform blanks designed 
to interrogate each variety of any class of plants in the same man¬ 
ner and by the use of the same set of questions. These questions 
ba^d upon the morphological characters of the species, are so sup¬ 
plied with terms expressing variation from the normal as to include 
the full range of the possibilities of variation in the species and thus 
allow for a rapid and complete notation of the characters and 
qualities possessed by any variety. 

Such questionnaires, when properly used, not only bring out 
the distinguishing characters and qualities of each sort, but they 
mwe St possible to determine the characters in which one sort 
differs from another. 
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Accurate descriptions made on such forms can be used as a 
basis for the indentificatiou of varieties and to show the differ¬ 
ences existing betwen varieties. 

In the light of what has been said regarding the constitution 
of varieties and the dangers and pitfalls along the road of ordi¬ 
nary variety testing, the value of such record blanks becomes at 
once apparent. 

In the development of this set of variety note and description 
blanks we have merely made an attempt to place at the disposal 
of all who wished to make use of them a set of note blanks which 
would to a degree enable each student, wherever located, to do 
something to supplement the work of every other student or in¬ 
vestigator using the same outlines and working with comparable 
material. 

Another object of this attempt has been to give a new impulse 
to the work set in motion by J)r. Sturtevant before and during the 
period of his directorate of the New York State Experiment Sta¬ 
tion. No one since his time has approached the problems of variety 
testing with the keen perception of the diligent i>ainstaking meth¬ 
ods used by him, and as a result, variety testing has come to be the 
joker of experiment station lore. The reason for this is not far to 
seek, for neither the ones conducting the work nor those criticis¬ 
ing it have given the subject careful constructive consideration. 

The importance of the problems involved in well conceived and 
well executed variety trials is appreciated only by those who have 
undertaken to establish a new industr>^ or remedy some pronounced 
difficulty in a waning industry. 

A case in point is the difficulties attendant upon the establish¬ 
ment of the Calimyrna fig industry. The maintenance of a Vini- 
fera grape industry in North America is another severe test of 
every device known to the student of variety testing. These in¬ 
vestigations have developed a field of varietal study not before 
recognized and even now but inadequately appreciated, namely that 
of congenialty of stock and scion. A hint that such a field existed 
has been noted by various students since the time of Knight, but 
it remained for Husmann through his gi*ape tests to demonstrate 
the far reaching importance of this factor. Oliver, in his vege¬ 
tative propagation of the leguminosae has also demonstrated the 
same fact. The Glory pea gave the first evidence, which was later 
followed by demonstrations with variotis alfalfas. The evidence 
available, though meager outside the genus vitis^ is nevertheless 
sufficient td warrant much larger attention to this field. 

Bud variation is a factor that had not, previous? to the care¬ 
fully planned studies of Shamel, been taken into consideration in 
varietal studies with budded and grafted fruits. 

The remarkable range of bud variation and its important bear¬ 
ing upon commercial aspects of the citrus industry in California 
are set forth in bulletins which will soon be available from the 
United States Department of Agriculture. The variety or strain 
tests^ which form the basis of these publications, will furnish inter- 
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esting mental pabulum for those iutex’ested in some of the future 
possibilities of variety testing. 

What has been found to be true of the citrus verieties of Cali¬ 
fornia will without doubt her found to exist to a greater or less 
degree with other classes of vegetatively propagated horticultural 
products. 

The grape work lias demonstrated the importance of the eon- 
genialty as well as the adaptability factor in variety studies. The 
citrus work has (*learly brought to our notice the destrufdive influ¬ 
ence of unsuspected bud variation, and the (*old storage investiga¬ 
tions with apples has clearly demonstrated that not only do varie¬ 
ties differ widely in their behavior in <'old storage, but that the 
fruits from different trees of the same variety sliow varying re¬ 
sponses to like storage conditions. 

\"ariety testing is probably not made easier hy the facts to 
whicih I have called attention, but future variety testing should 
become infinitely more interesting and valuable. 

From what I have said, it will apjiear that before we can test 
or compare varieties we must have a population wliich answers to 
a reasonable definition of a horticultural variety. Strange to say, 
such a definition is not found in the opening paragraph of every 
hortieultural text, yet eveiy^ student as well as commercial horti- 
cmlturist speaks glibly of varieties. To elarify the situation some 
what, I wish to repeat the definition of a variety given in the first 
paragraphs of this article, wliiidi is to tlie t‘flVct that a variety con¬ 
sists of a population of individuals possessiiu^ u difinite comhina- 
tion of morphological charachrs so pcrsisIcHilij reproduced in each 
that individual idenlificaiion is difficult or impossible. 

That depending upon the method of propagation there are tw'o 
classes of varieties—tliose vegetatively reprodm»ed may be consid¬ 
ered stable while those reproduced by means of seed are plastic. 

In order to study, compare, or test sucli varieties these funda¬ 
mental factors must be considered. The first pra(tti<*al question to 
arise in connection with a variety test should involve the material 
itself. Is it true to name and is it puvel These two qualities 
must be possessed by the material in order that it may be consid¬ 
ered suitable for variety testing, in which the object is a compari¬ 
son of merit or value. 

But as has bf»en pointed out, variety testing can be undertaken 
from a great many points of view; the value of work depending 
upon the concept of the worker, the material, and the methods 
followed. 
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VARIETY TESTING AT THE DOMINION EXPERIMENTAL 
FARMS, AND WHAT HAS BEEN ACCOMPLISHED 
BY IT. 

By W. T. Maooun, Central Experimental Farm, Ottawa, Canada. 

In a country iris vast as the Dominion of Canada where there are 
many kinds of climates ranging from the arctic and sub-arctic to 
that on the west coast of British (/olumbia where but few degrees of 
frost are re(‘orded, it i*equires many varieties of fruits to meet all 
(ionditions. In some parts of the Dominion the summers are warm 
but the winters cold; in other parts the summer is w^arm and the 
winter relatively mild; or again the summer may be cool and the 
winter mild, or the summer cool and the winter cold. Spring frosts^ 
frequently catch the early blooming varieties in one district, while 
in another, the short gi’owing season prevents the full development 
of the fruit. 

Before referring to the results obtained trom testing varieties of 
the different kinds of fruits at the Dominion Experimental Farms 
and Stations, a statement should *b(‘ made of the kind of testing 
which is done. It is the aim to plant at least two trees of each of 
the varieties of tree fruits which it seems desirable to experiment 
with. If the pj"ospects of the tree, being a valuable acquisition, are 
good, more trees ari; planted. After a variety has been proven to 
be promising, from eight to tw’cdve trees each of a number of 
promising sorts are planted side by side with w^ell tried varieties,, 
in order that a better idea of their commercial value may be ob¬ 
tained than if but two were growui. It has not been considered a 
good test of a variety to top-graft it, as it is important to learn 
whether the tniiik will withstand sunscald or tire blight, and this, 
can only be learned by growing a tree with its own trunk. It is a 
temptation, however, to do some top-grafting in order to see what 
the fruit is like as soon as possible. Records have been kept every 
year at the (Central Experimental Farm, Ottawa, since 1898, of how^ 
the trees of each variety winter, the time when each variety begina 
to bloom, is in full bloom, and when the bloom has fallen; the kind 
of crop, whether light, medium, good or whether there is none. This 
is followed up by actual measurement of the yield in gallons, the 
yield being divided betw-een picked fruit and windfalls, several 
pickings of the latter being usually made. Annual notes are also 
made of the way and degree in which each variety is affected by 
disease or insects; the season’s growth of each tree is also noted, 
whether it is weak, medium, or strong, and when the variety has 
fruited a detailed description is made of the fruit; the keeping 
quality of the fruit is also determined. Not only are these notes 
made of each variety, but of each tree of each variety. The same 
kinds of record books are used at all the farms and stations, imd, 
as far as possible, similar notes are now being taken at most of 
them, as at Ottawa. 
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Ill testing grapes two or more vines are planted. One of the 
most important records kept of grape varieties is the time of ripen¬ 
ing, and whether a variety ripens at all or not. Notes are also 
taken in regard to the blooming season and kind of crop, and de¬ 
scription of the varieties are made. The minimum number of cur¬ 
rants and gooseberries usually used in a test is six, and of rasp¬ 
berries, twelve plants, or hills. The hardiness of the plants is re¬ 
corded, and the length of the fruiting season. Descriptions are 
made of the fruit. At some of the newer stations rows of currants 
are alternated with rows of raspberries, to avoid mixing of the 
varieties from suckers. 

The variety test of strawberries is usually conducted on plots 
consisting of two I’ows each 15 feet in length, 20 plants being set 
out, 10 in. each row, the plants being jilanted 18 inches apart, and 
the rows made 3]/. feet apart. Tlie strawlierries are grown by the 
matted row system. The plants are not thinned out, but the rows 
are all redueed to two feet in width before growth starts the second 
spring. Two rows of 15 feet each, rather than one row of 30 feet, 
are used, in order to prevent the possibility of the plants getting 
mixed, the plants for a new plantation being taken from between 
the two rows. Larger areas are*planted of the older varieties and 
the best of the newer ones. Nearly 700 named varieties of straw¬ 
berries have been tested during the past twenty-eiglit years. Some 
of the more important annual notes made upon the varieties of 
strawberries are in regard to hardiness, blooming season, character 
of plant as to vigor and ])lant-making habit, amount of disease, 
length of fruiting season, ability to keep up size during fruiting 
season, and tin* yield. Finally, descriptions are made as with other 
fruits. 

Tlierc^ is not time to go into the details in regard to each kind 
of vegetable, ornamental tree, shrub, and ornamental herbaceous 
plant, suffice it to say that many hundreds of varieties have been 
tried, and notes taken. In the case of vegetables and annual 
flowers which are raised from seed, strains play a very important 
part and this has to be taken into consideration wlien deciding on 
a variety. 

So much has been said in regard to methods of testing varie¬ 
ties. What can be said of the results obtained. In the case of the 
apple, which is the most important fruit grown in Canada, and 
which will be considered first, much useful information has been 
brought out which may be grouped under various heads. 

Hardiness. The first consideration in regard to a variety in 
Canada is its ability to withstand the cold or changes of tempera¬ 
ture in winter, and hardiness has that meaning here. When the 
first experimental farms were established in 1887, the great diversity 
of the climate was realized and it was felt that one of the most 
important lines of work that could be undertaken was to determine 
were mcmt suitable for the parts of Canada repre- 
^nted by experimental fawns at that time. There were but five 
farms established at first, namely, the Central Farm at Ottawa, 
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Ontario; and Branch Farms at Nappan, Nova Scotia; Brandon^ 
Manatoba; Indian Head, Saskachewan; and Agassiz. British Col¬ 
umbia ; and on these farms were planted lai^e collections of varie¬ 
ties of fruits* A striking example of the result of this first variety 
testing may be given in the case of the Experimental Farm at In¬ 
dian Head, Saskaschewan, where among others of American origin, 
what were thought to be the hardiest Russian apples were tried. 
This first testing was done on a practically treeless prairie, but even 
though shelter belts have grown up the same varieties have done 
little better in later years. From the veiy first, however, the wild 
Siberian Crab apple, Pyrus haccata, proved quite hardy, and has 
continued to bear abimdantly. At Ottawa, where the winters are 
much milder than in Saskatchewan, but where the temperature 
goes down* occasionally to 30^P. below^ zero, many varieties have 
been killed by winter. During the past twenty-eight years 734 
named varieties, other than those originated there, have been tested. 
In one winter, that of 1903-4, trees of 164 varieties were killed. 
This was one of the so-called ‘^test’’ w’inters of which only a few 
are experienced in any one man’s life, but which are very valuable 
from an experimenter’s standpoint. There are now 21 experi¬ 
mental stations in (Canada where varieties of fruits are being tested 
and most of the striking climatic conditions are represented in the 
districts they serve. At sub-stations and by private individuals 
scattered here and there over the country, varieties are being tested 
at a large number of other places. We are w^ell situated in Canada 
to determine the relative hardiness of <Ufferent varieties as the 
minimum winter temperature at our station varies all the way from 
twenty to nearly one hundred degrees of frost. Results have shown 
that it is not always the extremely low^ temperature which kills a 
variety, but rather continued cold spells. In the winter of 1903-4, 
for instance, wdien so many apple trees wrere killed at Ottawa, there 
was a very cold spell for twelve consecutive days, on six of these 
days the temperature going to from 20'^ to 30^P. below zero. In 
other winters, w’hen the temperature occasionally drops to frbm 
25^^’ to 30"" below% little or no injury to apple trees occurs. Other 
conditions which cause killing of the trees are low drops of tempera¬ 
ture in spring after the buds have begun to swell. It is such condi¬ 
tions which cause the death of many trees on the prairies wfai^ 
have gone through long continued spells of cold weather lit¬ 
tle i^jur>^ Hardy varieties must then be able to withstand 
tinned low temperatures and sudden changes of temperature. 
has been learned by the testing of varieties that a very large pro¬ 
portion of those which ripen their wood well before winter sets in 
are among the hardiest. Trees which have grown late stand little 
chance of pulling through in a test winter. Most of the summer 
apples ripen their w^ood, and most of the commercial summer vari- 
ties are hardy at Ottawa, but varieties hardy at Ottatva are not 
hardy under the moi^e trying winters and springs of the prairie 
provinces, hence there are degrees of hardiness even among early 
ripening trees. It has lieen found that the greatest hardiness is found 
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among the Russian varieties ot appies, no doubt because they are 
the survivors of many test winters in Russia and perhaps because 
they are nearly related to the Siberian Crab apple, Pyrus baccata, 
which grows, I understand, very far north in Siberia. In closing 
these words in regard to the value of testing to determine the hardi¬ 
ness of a variety, mention might be made of the two well-known 
sorts, Fameuse, and McIntosh, the latter supposed to be a seedling 
of Fameuse. Up to the winter of 1903-4 it was supposed by many, 
and by the writer, that McIntosh was no hardier than Fameuse if as 
hardy, but that winter McIntosh trees were practically uninjured 
while many Fameuse trees were killed. There is a long gradation 
in hardiness among varieties of apples between Hibernal at one 
end and, say Yellow Newtown at the other. Information obtained 
in regard to hardiness has been obtained witli other fruits as well as 
the apple. In the case of plums and cherries the trees of some varie¬ 
ties have been found iiard.>' in some districts but the fruit buds were 
tender, the buds of these fruits being influenced by sudden changes 
of temperature in winter. Among raspberries it has been found that 
the canes of certain varieties are liable to kill back badly wliile 
others arc perfectly liardy. With currants, varieties ot* the Fay 
and Cherry types have been found much tenderer than others and 
are quite unsatisfactory at Ottawa. The plants of some varieties 
of strawberries kill out badly, while others, such as the Senator 
Dunlap, Warfield and Crescent, are ver>’ hardy. 

Yield. It is only by the careful testing of varieties that the 
relative yields over a period of years can be obtained. At Ottawa 
such yields have been kept for nineteen consecutive seasons and 
while the number of trees of each variety, in the case of apples for 
instance, is small, yet a fairly good idea can be obtained of the 
time when each variety begins to bear; of the fruiting habit of the 
tree; and of tlie yield which one may be expected to obtain in, say, 
the first ten years growth of the tree in the orchard, and for longer 
periods. While it would obviously be unfair to base acre profits 
on the performance of two trees, yet it is lielieved that two trees 
will give a fair idea of what may be expected from a larger num¬ 
ber of the same sort. It is true that we have had about twice the 
crop over a long period from one of two trees of a variety, that has 
been obtained from the other in the same orchard and planted at 
the same time, yet it is believed thfit the larger yield will come 
nearer the average for a large jiumber than the smaller and, as 
has been stated before, a larger number of trees of each variety is 
desirable. In the ease of small fruits it is believed that flive-year 
averages are desirable before one can speak with a fair degree of 
certainty in regard to the yield of a variety. On the other hand a 
new variety may be discarded in less than that time for other rea¬ 
sons than yield. 

Keeping Quality. It is important to grow varieties at the same 
place and in the same orchard if one is to get the best information 
m regard to their relative keeping quality. If a large number of 
varieties is brought from many different places for a keeping test, 
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theyi may have eome from quite different summer climates or have 
been under different methods of cultivation, which would affect 
the keeping quality. When so many new varieties are being origi¬ 
nated as is the case today, especially at the experimental stations, 
it is important to compare the keeping quality with those already 
on the market, hence the importance of having a representative 
collection of such growing at each station. 

Blooming Season and Pollination. While there is still much to 
be learned in regard to pollination, the records of the time of bloom¬ 
ing and amount of bloom of eacii variety of each year should prove 
of some importance. The blooming season of the different varieties 
in the oreiiards at the Central Experimental Farm, Ottawa, have 
been recorded since 1895. The amount of bloom, Avhether small, 
medium, or large, of each tree, has also been recorded so that at 
least soifie idea of the relation of the amount of bloom to the size of 
the crop each year (tan be ascertained and this, with the weather 
records, aids in ascertaining the cause of short crops. 

Descriptions of Varieties. It is important to test a large num¬ 
ber of varieties at one place in order that the technical descriptions 
which are made of eacli sort will be trm* for the district which the 
station serves, and while there will be little variation in descrip¬ 
tions of fruit or vegetables grown in different places, climate cer¬ 
tainly has some (‘fleet on color, shape, flavor, keeping quality and, 
d()ul)tl(‘ss, on other characters. 

\'<‘gctahl(‘s and Annual Ornauumtal Plants. Tlie testing of 
vegetahl(?s and annual ornamental plants, althouerli giving results 
sooner, is nior(‘ difficult is some ways than with trees and bushes. 
So mucli de])ends upon the strain that if one buys secnl of a cer¬ 
tain variety from a (‘(Ttaiii firm one year and the next year, in con¬ 
tinuing tin* test of varieties, seed of the samt* variety from another 
tirm, the relative results obtaiimd may be quite different. The 
strain tests of the Pennsylvania and otln‘r stations are well known. 
At the same time some varieties, on tin* average, have certain char¬ 
acteristic's that others do not, whicli are shown in most of the 
strains, lienee it is important to try new varieties as they are in¬ 
troduced, cv<‘ii thougli they may not be fixed in their habits — if 
they have desii*able qualiti(js these can b<* noted. 

Ill connection with testing of varieties of vegetables and flowers 
at the Dominion experimental farms and stations which are scat¬ 
tered over the country from the Atlantic to the Pacific, in order to 
make the comparison as fair as possible seeds are obtained each 
year from the same firms for all the stations and the seed distrib¬ 
uted from the Cfuitral Farm at Ottawa. As far as possible, the 
different varieties are obtained either from tlu* firms which have 
introduced them or from the firms which make a specialty of them. 
While there are, as stated, difficulties in the way of a fair test with 
vegetables, five-year tests usually bring ont the good or bad points 
of a variety. 

Publication of Results. An annual report of the experimental 
work is published by the Dominion experimental farms, and while 
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it must be confessed that the results from single year tests are often 
published and, in the case of vegetables, varieties which head the 
list one year, as regards yield, do not often do so the next, such 
notes as the relative height of plants, time when ready for use, 
description and quality, give useful information and are at least of 
some help to the man who tvill continue to test novelties and grow 
a number of varit^ties each year whether the experimental station 
(ionsiders them of value or not. 

Variety testing has been one of the main features of the horti¬ 
cultural work at the Dominion experimental farms for twenty- 
eight years and it is l)elieved that it has been well worth the time 
which' has been devoted to it. While private individuals do a cer¬ 
tain amount of testing themselves and some of the best growers are 
as quick to obtain a variety as is an experiment station, yet the 
great mass of the people either does not know one variety from 
another or else knows only a few of the old sorts. As an example 
of the value of variety testing in the district about Ottawa, it may 
be stated that it was tli(‘ practice until r(*eent years and may be to a 
small extent still for an agent to offer for sale varieties of fruits too 
tender for the di8tri(*t. This was done because neither the people 
iior the agent had a good way of finding out what varieties were 
suitable and many soiTs had never been tried. As a result of the 
selling of trees of tender varieties, thousands of trees winter killed 
in the past. Now the agent consults the lists of varieties recom¬ 
mended by the experimental farms and fruit growers can do the 
same if they so desire. The result is that a large proportion of the 
trees now sold will do well if cared for. 

Lists of recomnuinded varieities of fruits, vegetables, and orna¬ 
mental plants based on the experience gained at the Dominion sta¬ 
tions have been published in the annual reports and in bulletins 
and have been found V(*ry useful by young horticulturists, or by 
those extending their plantations. It is believed that thousands 
of dollars have been saved to fruit growers by either guarding them 
against buying unsuitable sorts or by letting them know which were 
the best for their districts. Tiie Dominion Government has a very 
large free mailing list and provides large editions of bulletins which 
are likely to prove useful. A recent bulletin on “The Apple, Its 
Cultivation and Improvement in Canada,'' by the writer, has an 
edition of 110,000 copies. In this bulletin lists of varieties are given 
for the whole of Canada. 

For a number of years lists of best vegetables, based on results 
at the experimental farms, have been published in the annual re¬ 
ports. Lists have also been published of the best annual and per¬ 
ennial ornamental plants. 

Nothing has been said about the work of originating new varie¬ 
ties for which considerable effort has been put forth at Ottawa with 
some promising results. There is no variety which is perfect or 
OTitable for every climatic condition and it is believed that it will 
be more and more recognised in the future that certain varieties 
succeed best under certain conditions of soil and climate. 
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METHOBS FOR THE STUDY OF VEGETABLE VARIETIES AHD 

STRAINS. 

By Paul Work, Cornell University, Ithaca, N. T. 

The botanical taxonomy of the vegetable plants is fairly well 
established, although a few kinds have had as many as three or 
four specific names within a generation. The horticultural tax¬ 
onomy is in a state of almost primeval chaos. 

The problem has been attacked in two ways. Trials have been 
(‘onducted with vary ing numbers of samples of vegetable seeds to 
indicate their relative usefulness for various purposes and under 
various conditions. The results are expressed in notes which in 
many eases are of little more value than the average seed catalogue 
description. Other w^orkers have undertaken to know the whole 
array of varieties of a given vegetable kind and their results have 
been expressed in taxonomic monographs which have proved of real 
and permanent value. Such work is comparable to the studies of 
fruit varieties of the Oeneva Experiment Station. Notable cxam- 
X)les are the lettuce studies of Tracy, the bean studies of Jarvds and 
of Tracy, and the potato studies of Stuart. We may expect the ex¬ 
isting confusion to continue until such studies have been directed 
toward all of the crops and until the work is well enough done to 
command respect and acceptance on the part of scientist, of seeds¬ 
man and breeder, and of crop grower. 

Studies of the former type have generally been conducted on a 
low scientific plane. They consisted in simple and superficial tests 
for a single season of seed samples selected without reference to the 
whole range of varieties in the given crops. The data consisted of 
notes on casual observations, or if records were taken in a system¬ 
atic way oidy a portion of the important characters were consid¬ 
ered. Today the problem is attacked at the base. The origin and 
history of tin* varieties, description in previous literature, the 
ideals of both crop and seed growers, as well as the data derived 
from painstaking trials through several years and with thoroughly 
representative samples all contribute to the knowledge of the kind 
as it is expressed in the published monograph. Each worker must 
establish his own methods, but certain principles guide in all such 
studies. It is the aim of this paper to suggest considerations that 
should not be overlooked and to point out resources that should not 
be neglected rather than to lay down dogmatic rules. 

In the first place a taxonomic study of the type which we have 
in mind is a work of years, not of one or two seasons. Unless one 
has already enjoyed unusual intimacy with the crop selected, it will 
require two years for him to become sufficiently familiar with his 
material to do really effective work. The notes of i^veral seaSbns 
must be compared and discrepancies must lie eliminated. It re* 
quires time to meet men, to learn their ideas and to visit their trial 
grounds. 
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The first step in a taxonomic study of a vegetable kind is the 
selecting and gathering of material for exaniinatiou—of seed sam¬ 
ples for trial. The history of seedsmen may well be tabulated and 
compared. Some workers procure samples from all. In view of 
the fact that many seedsmen secure their supplies of a given variety 
from the same source, there is needless duplication in this method. 
Further, in view of the fact that a single seedsman may be filling 
orders from two or more stocks there is danger of incompleteness. 
It will doubtless be assumed by many that this situation cannot be 
met. Seedsmen are not accustomed to say much about the sources 
of their seeds. However, discriminating growers have learned that 
they can secure seed of a single parentage from a given dealer or 
producer year after year and if for any reason the supply fails they 
are informed and they are consulted before a substitution is made. 

Experience in a study of celery, now under way, has brought 
the gratifying realization that many of the best seedsmen are simi¬ 
larly willing to (io-operate with the scientivSt to the extent of their 
ability. They have offered every facility for placing the study on 
a basis much nearer the sources than would be possible if mere cata¬ 
logue samples were used. Of course, much information must be 
regarded confidentially and courtesy demands that the wishes of the 
members of the seed trade be respected. This is not at all likely 
to interfere with the interest of truthfulnss or completeness, for 
the far-seeing seedsmen realize that it is inaccurate statements or 
half-baked truths which they have to fear rather than tlu» whole 
truth. 

On this basis the ideal would be that all samples come directly 
from the men who are maintaining the stock and that all stocks be 
represented. All samples should bear the grower’s stock number 
or at least a designation that will enable him to refer directly to it. 

The trial grounds should offer conditions that are possible for 
the best development of the crop and conditions that truly repre¬ 
sent those under which the crop is normally produced. Lettuce 
should be tried on a ty])ical, fertile market garden soil and on muck. 
Cabbage may be tested on a sandy loam somewhat less intensively 
fertilized and if possible late sorts should be compared on a heavier 
soil. Abnonnally heavy feeding should be avoided, but irrigation 
may be used to insure the conditions of a good year. It is needless 
to emphasize the necessity for the most unvarying precision in the 
arranging of rows and labels. A plan on paper should make it 
possible to identify any planting by location. Sufficient check rows 
should be included to express variations in soil and site. 

It is in the record taking that the difference between casual com¬ 
ment and systematic study appears. Records must be made at vari¬ 
ous stages of development and in such forms as to express com¬ 
pletely the vsignificant characters of samples. They must be so 
standardized as to admit of convenient and accurate comparison. 

The priuKj function of a descriptimi sheet is to suggest points 
to be observed and to provide means for record. Each worker must 
prepare a sheet that will best suit bis object and his individuality^ 
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It may be of the United State Department of Agriculture type 
showing almost any term that may be required and to be filled in 
largely by the use of symbols. Interlined notes are, nevertheless, 
frequently necessary. After a worker has become thoroughly famil¬ 
iar with his material and his terminology, he may a sheet with 
only line headings leaving descriptive terms to be filled in. This al¬ 
lows greater flexibility in expression of variations. A third possi¬ 
bility is a sheet headed with a given character and with a line num¬ 
bered for each sample. This is useful where it is desirable to ex¬ 
amine a particular feature of the plant for all samples before taking 
up the next feature. This method is especially valuable during the 
period when the worker is establishing his mental picture of the ex¬ 
isting rang(» of variation for a given character. 

Needless to say the usage of terms must be clearly defined in the 
-mind of the worker and care must be exercised to avoid uncon¬ 
scious “creeping.” “Very large” may mean one thing this morn¬ 
ing and another this afternoon. Usage of terms must be carefully 
recorded verbally and by reference to samples to give notes their 
full usefulness. The precedent of botany and of systematic pomo¬ 
logy should be observed as far as possible. Needless contusion and 
obscurity arise from the exercise of undue ingenuity in devising 
terms and meanings for terms. The importance of keen mental 
application in note taking and the value of continued practice in 
seeing things may well be emphasized. 

Ill preparing description sheets, discrimination must be exercised 
to avoid filling it with terms for characters that are not significant. 
The basis should not be “Thickness of flesh might varg^* but rather 
Does thickness of flesh vary.” Furthermore, variations may ex¬ 
ist which arc without real significance either through direct intrin¬ 
sic value or through correlation with other characters, perhaps hid¬ 
den. As an example of the latter may be mentioned the correlation 
between stringiness and conformation of tip in garden beans. 

It is fre((uently helpful to arrange samples in order according to 
a given (tharacter and numbers may be assigned to positions in their 
order. Thus five degrees of greenness of foliage may be designated 
as 1, 2, 3, 4, and 5. Actual measurements should be employed 
wherever possible. *' Small, ” “ large, ” “ very large, ’ ^ may well give 
way to the average height and weight of ten random or ten typical 
specimens. Here again the value of records depends upon care in 
describing conditions under which they are taken and in seeing that 
those conditions do not change. For example, how is the length of 
carrots to be measured i An arbitrary decision may call for length 
from the crown to the point Avhere the tap root is Vi inch in diame¬ 
ter. Even this is not precise, but it renders notes comparable. 

The whole tendency thus indicated is toward mechanical note 
taking. The w^orker must guar<l against l)ecoming a mere machine 
and he must apply his mind to the formation of clear cut mental 
pictures of typ(\s and of their variations one from another. Formal 
note taking must be accompanied by the writing of verbal descrip¬ 
tions or characterizations which wmuld convey a definite impression 
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to the reader. Thus may the practical usefulness of tlie work be 
preserved. 

Sidt^ction must be made among the many forms of illustrations 
which may be employed to support formal records. Tiie botanist 
speaks of the type plant for a given species which may still be seen, 
perhaps at the Gray Herbarium. Photographs, drawings—both 
schematic and jierspective—color reproductions, herbarium speci¬ 
mens, and specimens preseiwed in liquitl all have their places in 
making permanent records of types. Perhaps the worker who 
undertakes to master radish varieties will select a few plants con¬ 
forming to his standard description of a given variety and wdll per¬ 
petuate his id(‘al of it by propagation from y(*ar to year. We will 
not take time to deal witli the relative usefulness of these various 
record forms. It may be added that they are just as useful in de¬ 
fining terms as in recording variety types. 

During tlie process of description making, tlie worker has con¬ 
sidered the usefulness of various characters for classification and 
key making and he has formed opinions as to the proper bases 
upon which judgments as to synonyming may rest. He must use 
his descriptions, but he must also consider origins, customs and com¬ 
mercial utility. At this point he comes into contact, if not conflict, 
with the seedsman and the crop grower. 

In this work he will require his best judicial ability and his best 
personal tact. In the celery work already referred to, a questionaire 
has l>een very* serviceable in getting th(j viewpoint of crop growers 
regarding the essential characteristics of varieties as to market re¬ 
quirements and the improvements they could ask. 

It is one thing to present the results of a can^ful study of the 
synonyming of a given kind. It is quitt* another to bring this 
scheme to acceptance by the seed trade. No kind has ever been re¬ 
formed. The conflict between commercial interest and scientific 
idealism will doubtless pei*sist. The progress that has been made in 
standardization with cattle breeds, the recognized desirability of 
substituting order for chaos and the fact that such a bulletin as 
Jarvis’ on Beans is widely accepted among the trade, all support the 
view that the task is not hopeless. The chance of success rests upon 
the excellence of the work and upon the co-operation of all interests 
involved. Eventually there will be needed a recognized board of 
review such as has been suggested by the Vegetable Growers’ Asso- 
ciation-of America, and which will decide, after trial and compari¬ 
son, whether a submitted sample is worthy of standing as a. new 
vpiety or singly as strain or stock. In this work the proprietory 
rights of the seed breeder in the results of his improvements must 
1^ conserved as far as possible in a field where patents are impos¬ 
sible. Standardization must not remove incentive for betterment. 
This, however, is another subject. 

Many points may be raised which would seem to indicate the 
futility of studies such as we have under consideration. The deli¬ 
cate shading b(‘tween characters, the speedy changes in types from 
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year to year, the difficulty in separating heredity from environ¬ 
mental variations, the existing confusion, and the injection of the 
commercial interest all tend to discourage. Science, however, re¬ 
fuses to be baffled. Case differences which are unnoticed by the lay 
observer are obvious to the trained student, so solutions to seeming¬ 
ly “impossible” problems shape themstdves as the midst of ignor¬ 
ance gives way to the ordeiHid array of accurate knowledge. 


FACTORS INFLUBNOINO THE ABSCISSION OF FLOWERS AND 
PARTIALLY DEVELOPED FRUITS OF THE APPLE. 

By a. J. Heinicke, Cornell University^ Ithaca, N, Y. 

The failure of a large percentagi* of apple blossoms to set and 
th(' heavy loss of partially developed fruits during the June drop 
is frequently associated with poor pollination and lack of fertiliza¬ 
tion. That th<*s(^ conditions are responsible is suggested by the fact 
that the apples which fall during the June drop, or before, usually 
have fewer seeds to the fruit than those which remain on the tree. 
The following figures, which are based on apples from a Rhode Isl¬ 
and (Greening) tree, are characteristic for other varieties as well: 

Average number of seeds in 190 fruits which fell 
from the tree 8.51. 

Average number of seeds in 1(K) fruits picked from 
the tree 6.35. 

Neverthidess, many blossoms st‘t fruit even thougli they are poor¬ 
ly fertilized, and man>^ apfJes with few seeds remain on the tree 
after the June drop. On the other hand, flowers which are cross- 
pollinated and fruits which contain a relatively large number of 
s<H»ds are often lost. Such a loss may be caused by diseastjs, insects, 
winds, frost, hail, etc., but it occurs even without such destructive 
agents. 

Obviously then, th(»re are other factors in addition to pollina¬ 
tion and s(H»d development which prevent the normal abscission of 
flowers and partially devtdoped fruits. Studies which have been in 
progress at Cornell during the past three years seem to indicate that 
the amount of foo<l and water which reaches the individual flowers 
and fruits determines whetlier or not they will remain on the tree. 
Tf the sap supply is ad<^quate, the flowers set fruit, and the fruits 
mature, notwithstanding the fact that they may have few seedft. 

The purpose' of this paper is to present a brief synopsis of the 
results which led to these conclusions. 

Relation Between Fruit-Setting And Weight op New Spur 

Growth. 

Wlien the fruit bud opens in spring a short spur varying from 
0.3 to 2.0 centimeters in length is produced. This new growth 
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hears leaves, laterally, and a cluster of flowers terminally. That 
there is a very definite relation between the weigrht of this new spur 
growth and thv ability of the spur to bear fruit is shown by the fol¬ 
lowing data: 

Averag(‘ weight of 139 spurs which did not set 
fruit == 1.45 grams. 

Average weight of 112 spurs which did set fruit 
== 2.76 grams. 

These figures are based on a consideration of all flower-bearing 
spurs obtained from a large Baldwin brancli. Similar results w’ere 
obtained in many otht^r branches. 

Spurs which lose all their fruit .soon after blooming time do not 
weigh as much as those which hold fruit until the June drop; the 
latter, in turn, do not weigh as much as spurs which finally set fruit. 
The following example bas(Hl on (examination and weights of all 
.si)urs on a large Baldwin branch is typical of others : 

Av(‘rage weight of 30 spurs which held fruit less 
than 2 weeks = 2.94 grams. 

Average weight of 28 spui*s which lield fruit until 
June drop == 3.29 grams. 

Average weight of 30 spurs which held fruit after 
June drop ^ 4.27 grams. 

Spurs which bear two fruits are usually heavitT than those 
which bear only one fruit. This is illustrated by the figures givim 
below : 

Averagf* Wiught of 60 spurs b(»aring om* fruit — 3.08 
grams. 

Average weight of 40 s})urs bearing two fruits 
== 3.62 grams. 

These spurs wen* obtained from a large Baldwin branch which 
produced 100 fruit-b(*aring spurs. 

Relation Between Fruit-Settixc and Len<jtu of Previous 
SeasonS ptm Gr(Wtu. 

The length of sj)ur growth produced during tlu* season in wdiich 
the flower bud is formed may vary from a few millimeters to sev¬ 
eral centimeters. Flow’ers on .sjmrs which grew more than one centi¬ 
meter during the pr(*vious season are more apt to set than those on 
spurs which made a short growth. The data obtained from several 
Baldwin branches which prcKluced a total of 677 flowcr^bearing 
spurs in 1916, are typical of other cases. 

Number of spurs which made more than 1 cm. 
growth during 1915 === 320. 

Percentage which produced fimit in 1916 67.2. 

Number of spurs which made less than 1 cm. growth 
during 1915 357. 

Ptu (‘(uitage which produced fruit in 1916 25.5. 
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The weight of the new spur growth and the length of the previ¬ 
ous season’s growth are closely related as shown by the data below; 

Average weight of 229 spurs making more than 1 
cm. growth during the previous season =«= 2.84 grams. 

Average weight of 261 spurs making less than 1 cm, 
growth during the previous season = 1.34 grams. 

These figures are based on a consideration of all spurs found on 
several branches of a Baldwin tree. The same relations prevail in 
other varieties.* 


Relation Between Prttit-Setting and The Number of Flowers 

TO The Spur. 

The number of flowers in a cluster may vary from 2 to 8. The 
sj)urs which produce many flowers are more apt to set fruit than 
those which produce few flowers. This is shown by data similar to 
the following: 

Average number of flowers on 151 spurs whicli lost 
all finiit witliiu 2 weeks after blooming 4.45. 

Average numbtu" of flowers on 223 spurs which held 
fruit until the June drop = 5.02. 

Average numb(‘r of flowers on 134 spurs which final¬ 
ly set fruit 5.74. 

Theik^ figures are bas(Hl on examination of all flower-bearing 
spurs from scvtTal Baldwin branches. 

In several cas<^s all the spurs from a given branch were classified 
according to tlie numbtu’ of flowers they produced. The percentage 
of spurs which bore fruit was determined in each case. Typical 
figures based on a consideration of all spurs ou several Baldwin 
branches are given below: 

Number of spurs with 4 flowers — 50; percent^ige 

Slit = 20.0. 

Number of si)urs wdth 5 flowers =- 137; percentage 
set 40.9. 

Number of spurs with 6 flowers === 256; percentage 
set«« 54.9. 

That a higher percentage of the many flowered spurs are fruit¬ 
ful may be due to the fact that such spurs could afford to lose four 
flowers each and still have one or two left to set fruit. This, how¬ 
ever, is not the case as shown by the following figures where the 
percentages are based on the flowers rather than on the spurs: 


* In BnJ. 181^ of the Oregon Expt. St*, wheh has iust been received, Teager likewise 
reports a correlation between tlie amount of growth that a spur made one year and its 
production the following year. 
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56.7 per cent of tht* flowers on 25 spurs with 4 
flowers set fruit. 

60 per cent of tli(‘ flowers on 16 spurs with 5 flowers 
set fruit. 

72.5 per cent of the flowers on 17 spurs with 6 flow¬ 
ers set fruit. 

These data are based on an examination of all flower-bearing 
spurs obtained from a Baldwin branch. 

The numlH^r of flowers borne on a spur is correlated with the 
weight of the new spur growth. This may b(* seen from the follow¬ 
ing example: 

Avcu'age weight of all spurs which produced 4 
flowers -== 1.76 grams. 

Average weiglit of all spurs which produced 5 
flowers === 2.73 grams. 

Average weight of all spurs w hieh produced 6 flow¬ 
ers ^ 3.36 grams. 

The flower-bearing spurs in this case were obtained from a 
Fallaw'ater branch. Similar figures have been secured wfith other 
varieties. 

Relation Between Weight op New Spur Growth. Diameter op 
(Conducting Tissue and Set op Fruit. 

The diameters of conducting tissues of tl)e spur, measured just 
below the terminal bud. vary from 1.0 to 2.5 millimeters. The rela¬ 
tion between the diameter of the conducting tissue and the weight 
of the new sjnir growth is shown by the following representative 
figures. 

Average weight of 74 spurs with a small conducting 
tissue (1.-1.4 mm.) == 1.50 grams. 

Average weight of 112 spurs with a medium con¬ 
ducting tissue (1.5-1.9 mm.) 2.47 grams. 

Average weight of 39 spurs with a large conducting 
tissue (2.0-2.5 mm.) 3.27 grams. 

These data are based on a consideration of all spurs obtained 
from a branch of a Baldwin tree. 

Obviously, more sap can pass through the large conducting tis- 
siK's. Therefore, the flowers and fruits produced on heavy spurs 
will be most abundantly suppli(*d with sap. The fact that the heavy 
spurs, which have the large conducting tissues, produce more fruit 
than lighter spurs, suggests the possibility than an inadequate sup¬ 
ply of sap may cause the abscission of fruits from the small spurs. 
That tlu* water supply does influence the set is indicated by other 
observations, a few of which will be presented at this time. 
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Belation Between Fbuit-Settinq and The Weight op Lateral 
Growth From The Flower-Bearing Spur. 

The amount of growth which is produced from a lateral bud of 
the flower-bearing spur varies from a few millimeters to ten or more 
centimeters. Some spurs fail to make any lateral growth whatever, 
during the year they bear flowers. Spurs which produce much 
lateral growth are more likely to set fruit than those which produce 
little growth. This fact is indicated by the following example, 
which is based on a study of all spurs of a Baldwin branch: 

Avora^* w>ight of lateral growth produced by 42 
spurs which lost all fruit = 0.79 grams. 

•Average weight of lateral growth produced by 52 
spurs which held their fruit == 1.35 grams. 

The amount of lateral growth produced by a spur is dependent 
upon the sap supply, as will be shown later. Other things being 
equal, the greater the water .supply th(' more growth produced. 

Kelvtion Between Fruit-Setting and The Amount op Bloom. 

It freqmmtly happens that similar branches on the same tree 
produce varying numbers of flower-bearing spurs. As a rule, the 
limbs with a heavy bloom produce fewer fruits to the spur than 
limbs equally large and similarly located, but which have a light 
bloom. The following example is typical of others: 

Number of flower-b(!aring spurs on a limb with a 
light bloom = 52; percentage setting fruit = 76.9. 

Number of flower-bearing spurs on a limb with a 
heavy bloom == 116; percentage setting fruit == 16.2. 

These data ara based on two equally large Baldwin branches ob¬ 
tained from the same part of the tree. 

As a rule, the branches with many flowers have smaller leaves 
than those with few flowers. Experiments seem to indicate that the 
size of the leaves is influenced by the water supply during the time 
the leaves are making active growth. Other things being equal, the 
givater the supply of water, the larger the leaves. 

It has lieen shown that the weight of the spurs and the diameter 
of the conducting tissues are closely correlated. The larger spurs 
have the better water supply. In this connection, it may be of in¬ 
terest to point out that spurs vrith a conducting tissue of a given 
diameter from branches which produce many flowers are not as 
heavy as spurs with tissues of the same diameter, ftom branches 
which produce few flowers. The following data based on material 
from a Baldwin tree will serve to illustrate tliis fact: 
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Diameter of 
Conducting Tissue 
of Spurs. 

1.0-1.4 mm. 
1.5-1.9 mm. 
2.0-2.5 mm. 


Spurs from Limbs 
with heavy bloom. 
No. Avg. Wt. 

49 1.50 grams. 
56 2.37 grams. 
20 3.10 grams. 


Spurs from Limbs 
with a light bloom. 
No. Avg. Wt. 

7 2.06 grams. 

34 3.09 grams. 

14 4.01 grams. 


It should bo noted that the percentage of weak spurs is greater 
on the branches with heavy blooms. This, in itself, may account for 
a part of the great loss of flowers and fruits from such branches. 

Experiments to Determine The Relation Between Fruit-Set¬ 
ting AND Sap Supply. 

Pairs of large limbs, which w^ere approximately five centimeters 
in diameter at tiieir bases and which had equally heavy blooms, were 
selected. The members of such pairs either formed the arms of a 
or they arose within a foot of each other from the same jiarent 
branch. 

One of the limbs was saw’ed half way through near its base, the 
other was left as a check. The object of sawing was to reduce the 
supply of sap. This was done when tlie flowers appeared in the 
spring. Typical results obtained with several Baldwin branches are 
given below: 

Total number of spurs on untreated brauch<.*s 
== 454; percentage producing fruit = 48.2. 

Total number of spurs on sawed limbs = 517; per¬ 
centage producing fruit «== 31.9. 

In other cases the sap supply to the individual spurs was in¬ 
creased. One of the limbs of a pair was severely pruned, the other 
was left unpruned. In pruning, care was taken to remove entire 
branches rather than head back new growth. The weaker spurs 
only would have been removed in the latter cascL The pniing was 
done in spring when the flowers opened. The results secured in 
such experiments are represKUited by the following data: 

Number of spurs on unpruned limb = 682; per¬ 
centage producing fruit = 20.4. 

Number of spurs on pruned limb 350; percentage 
producing fruit = 37.4. 

The range or variation in the percentage of spurs which set on 
similar unti'eated limbs which form members of a pair is indicated 
by the following figures: 

Number of spurs on limb A «« 1064; percentage 
producing fruit «*22.0. 

Number of spurs on limb B 1155; percentage 
producing fruit«« 22.2. 
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That the pruning has actually increased the amount of sap 
available for each spur is shown by the following analysis of the 
lateral growth produced by spurs from pruned and from unpruned 
branches: 

Average weight of lateral growth from 50 of the 
largest spurs from pruned branches «= 2.68 grams. 

Average weight of lateral growth from 50 of the 
largest spurs from unpruned branches == 1.90 grams. 

Eelation Between Vigor op Spur, Seed Value, and Setting op 

Fruit. 

The facts which have been presented thus far indicate that 
vigorous spurs are more apt to set fruit than weak spurs. As com¬ 
pared to weak spurs the new growth of vigorous spurs is heavier, 
the iiuiriber of flowers to the spur is larger, the diameter of the 
conducting tissue is longer, and the weight of the lateral spur 
growth is greater, all of which indicates that tlie food and water 
supi>ly is more abundant on vigorous than on weak spurs. It seems 
reasonable, therefort?, to assume that flowers and fruits on \igorous 
spurs can obtain the food and water required for their develop¬ 
ment more, readily than those on weak spurs. Hence, the former do 
not lose as many fruits as the latter. 

But tlie fact remains that weak spurs do bear fruit. If the sap 
supi)ly is the basic factor in determining the set of fruit, then there 
must be some* means of overcoming the handicap of inadequate food 
storage and small conducting tissues which are found in weak spurs. 
Pollination and seed develo])ment are such means. 

Seeds in a fruit apparently serve as a suction pump. The more 
S(HHis the greater tlu* suction. A relatively small suction is required 
to st*cure sufficient sap on vigorous spurs. Apples produced on such 
spurs can develof) even though they have fey seedvS. A greater suc¬ 
tion is required to secure sap on weak spurs. Hence, only those 
fruits having a high seed value will remain on such spurs—fruits 
with a low seed value drop. 

If this be true, the average weight of spurs which bear fruits 
with a high seed value should less than the average weight of 
spurs bearing fruit with a low seed value. The data below, which 
are based on a consideration of all spurs from branches of several 
varieties, show that such relations do exist: 

Average weight of 278 spurs which bear fruit with a 
low seed value 3.41 grams. 

Average weight of 197 spurs which bear fruit with 
a high seed value 2.90 grams. 

The spurs bearing fruits with a low seed value are 17.6 per cent 
heavier than those bearing fruits with a high seed value. 
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We are interested primarily in the smaller spurs of each lot. If 
we consider such spurs only, the relation between seed value, vigor 
of spur, and set, will be more clearly shown. 

In the following figures only one-half bf the total number of 
spurs, that half containing the smaller spurs, is considered: 

Average weight of 138 smaller spurs which bear 
fruit with a low seed value « 2.65 grams. 

Average w’^eight of 99 smaller spurs which bear fruit 
with a high seed value **= 2.07 grams. 

In this case the spurs bearing fruits with a low seed value are 28 
per cent heavier than those bearing fruits with many seeds. The 
weaker spurs lost the fruits with a low seed value. Yigormis spurs, 
however, returned such fruits. 

The term, ‘‘seed value’’ is used advisedly. The mere number of 
seeds is not a reliable guide to the quality, or the value of seeds as a 
pump. Such value is associated with the size and weight of the 
embryo, as well as other factors. In general, it may be said, that 
seeds resulting from cross-pollination will have a higher value than 
those produced by self-fertilization. 

Observations Concerning The PHYsiouiGiCAii Effect of Seeds. 


The following observations indicate that seeds actually do exerts 
a imll or a suction: 

1. The size of the fruit varies with the number of seeds, pro¬ 
vided the apples in question are borne under similar conditions on 
spurs of equal vigor. The weights of fruits produced on equally 
vigorous spurs on a Fallawater branch will illustrate this fact. 


Weight of Spur. 


2.28 grams 
2.24 “ 

2.21 “ 
2.26 “ 
2.22 “ 


Number of Seeds. 


3 

5 

8 

9 

11 


Weight of Fruit. 


16.84 grams. 
18.72 “ 

23.15 “ 

24.02 “ 

29.40 “ 


This same relation holds in other varieties. 

2. A large number of the apples which fall during the June 
drop are one-sided. The side containing seeds is larger than the side 
without seeds. Most of these fruits came from wmk spurs, and the 
sap which they did obtain was gotten under difficulty, hence, it was 
confined largely to the side with seeds,^ 

3. Professor W. H. Chandler* has shown that leaves tend to 
withdraw moisture from the fruit. The leaves on detached spurs 
with leavi-s and fruit will remain turgid for several days. The 


with HorticuUnral Blants. Missouri Afr. Expt. St». 

KesearoA Bui. 14 (1914). 
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fraits, on the other hand, drivel, due to loss of water. (^bserva> 
tions by the writer have e^own that the many seeded fruits lose 
their water more dowly than few seeded fruits. For this reason 
the leaves on spurs bearing many seeded fruits dry up, while those 
on spurs with few seeded apples remain turgid. Furthermore, if 
water is withdrawn from few seeded fruits, the seedless side often 
shrivels before the side with seeds. 

4. That the leaves generally show a higher osmotic pressure 
than green fruit has also been shown by Professor W. H. Changer. 
A few determinations of the freezing points of saps expressed from 
fruits with a high seed value and from those with a low seed value 
indicate that the former have a greater osmotic pressure. Bepre- 
sentative data are given below: 

Depression of the freezing point of saps from fruits 
with an average of 3 seeds = 0.952° C. 

Depression of the freezing point of saps from fruits 
with an average of 6.2 seeds = 1.033° C. 

These figures are based on a determination of saps from six lots 
of fruit in each case. 

The results which have been presented emphasize the import¬ 
ance of the vigor of the individual spur as a factor in fruit-setting. 
Under many conditions cultivation, especially early cultivation, 
spring applications of a quick acting nitrogenous fertilizer, and 
moderate pruning, favor the production of vigorous spurs on old 
trees. Some varieties do not produce vigorous spurs because the 
climatic and soil conditions are unfavorable. Cross-pollination is 
the only remedy for such varieties. Cross-pollination is also rela¬ 
tively important in those cases where self-fertile trees are grown in 
sod, or under other unfavorable conditions. 


HOBTIOULTTTBi: AS A SOIBNOE AND AS AN ABT. 

By M. A. Blake, Rutgers College, New Brunsimek, N. J. 

It seems appropriate at this stj^ of horticultural progress in 
America to observe the relations existing between horticulture as a 
science and as an art. 

Science relates to laws and principles, while art signifies skill in 
practice. 

At the beginning of the nineteenth century, horticulture was 
largely art unsupported by science even in England. The import¬ 
ance of science in fruit culture, however;, was appreciated and recojs- 
nized by some of the writers of that period. Joseph Hayward, in 
1818, has much to say about horticulture as a science and as an art. 
In fact, his laxfii is entitled “The Science of Horticulture Including 
a Practical System for the Management of Fruit Trees.” The text 
of the book is confined to a discussion of matters pertaining to fiuit 
trees so the term horticulture is used by Hayward in a rastricted 
sense. 
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Same statements that appear in his book will enable us to form a 
clear idea of tlie state of horticultural science at that period. In 
the introductory pagres we may first note the following 

“Ten years since I was flattered in the success of my experi¬ 
ments and improvements, and felt convinced of the possibility of re¬ 
ducing that, which was in its general practice no more than an un¬ 
certain and mysterious art, to a clear and delightful Science; but I 
had not the vanity to believe T was myself equal to the ardous task.’^ 

Hayward also calls attention to the marked prejudice against 
books as a means of acquiring knowledge of the art of fruit culture. 
We may read further in the introductory pages.! 

“The difficulty of acquiring a knowledge of training and man¬ 
aging Fruit Trees from Books, has been remarked and deplored by 
all the diffi?rent writers on the subject, to whom I have thought it 
necessary to refer in the course of my work; viz:—Bradley, Miller, 
Hitt, Forsyth, Mr. Knight and the Encyclopedia Britannica; and 
although this insufficiency has been thus early and generally noticed, 
the present state of the Art proves how little has been done to 
remedy the defect. Without a correct knowledge of the Cause, no 
one can possibly be certain of success in producing or removing an 
Effect.” 

He continues as follows upon page twelve of the introduction: 

“Perhaps nothing can more clearly evince the imperfect state 
of Horticulture, or afford a more substantial proof of the absence of 
scjientific principles in its general practice (at any rate of that part 
which forms the peculiar subject of the present' work), than this 
general opinion, that a correct knowledge* of the Art of Gardening 
cannot be obtained from theoretical writings. 

“When, indeed, any art rests upon a bare mechanical movement 
grounded on the casual and contracted observation of effect only, it 
must be impossible to diffuse a general knowledge of it by writing.” 

Hayward calls attention in no uncertain way to the lack of 
scientific knowledge of fruit culture in England in the early part 
of the nineteenth century, and to tin* fact that the books of the time 
were largely the expression of unproven theories. 

Yet, fine specimens of fruit, vegetables and flowers were pro¬ 
duced by the gardener’s art in England and upon the continent 
long before the appearance of Hayward’s book. 

William Coxe writing in America at this same period does not 
complain of the lack of science in fruit culture, but does emphasize 
the necessity for an understanding of some of principles of chemis¬ 
try in the successful manufacture of cider. 

The sciences have made wonderful progress during the past, cen¬ 
tury. Investigation and research has been promok*d by private en¬ 
terprise, by State and by Nation. The science of horticulture has 
developed until it is sometimes allowed to overshadow the art. Not 
that the art has failed to make progress also, far from it. We can 
call to mind seeing immense* fields of lettuce or cabbage or some 

* Prefactory Explanationa and Reiniirk^. PaL'c VIIX. 

t Prefactory Explanations and ^nmrks, Page IX and X. 
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other vegetable where one specimen is almost as perfect as another. 
There are orchards containing hundreds of well-formed trees; there 
are extensive nurseries where the skill of the propagator is demon¬ 
strated in thousands of specimens and there are immense green¬ 
houses where successive benches of carnations, roses or chrysanthe¬ 
mums display perfect health and vigor. Innumerable varieties of 
fruits, vegetables and flowers have appeared that mark great pro¬ 
gress in size, beauty and quality. 

Science may state the cause of an effect; it may reveal the factors 
determining size, color and quality of flowers and fruit, but it re¬ 
quires art to produce the results. 

A man may be thoroughly acquainted with the principle of a 
whip-graft, and yet be unable to earn a fair wage at the work. 

We recognize these facts in a general way, but do we accord art 
its full rank. Let us go into the matter in further detail. The same 
spray material and spray schedule is not infrequently recommend¬ 
ed to several apple growers in the same neighborhood. Even if 
they all spray at the same time and with similar outfits the results 
will be different. Here and there a grower stands out with excep¬ 
tional results and he maintains this rank year after year. His 
neighbor may borrow his si)raying outfit, purchase the same kind 
of spray material and try to duplicate his work to the minutest de¬ 
tail, but there is always a difference in the results 

A florist maintains his position in a commercial establishment, 
or in a private range by his ability to secure crops of fine flowers. 
If he fails during the first few months he is frequently discharged. 
This seems to be rather hasty and severe judgment, but there is a 
feeding among florists that if there does not appear to be a sympa¬ 
thetic understanding between the grower and his plants and if they 
do not respond readily to his efforts the best remedy is another man. 

I believe that most scientists if asked an expression of opinion 
would state that if the science of forcing flowei*s in the greenhouse 
were better understood it would largely remove the necessity for 
changing men in this way. 1 held this opinion myself at one time, 
but it has been greatly modified in recent years. 

Many factors enter into the forcing of flowering plants in a 
greenhouse. It may appear to be an easier line of effort and less 
subject to disturbing factors than the culture of out-of-door crojjs, 
since the factors of temperature and moisture are under control in 
the greenhouse, but in reality a much higher degree of art, is re¬ 
quired for success. 

One florist is very successful with a certain variety of rose, while 
his neighbor discards it as worthless. The former may permit the 
latter to observe each operation of culture, may allow him to keep 
records of temperature, humidity and moisture and yet years of ef¬ 
fort will not bring the same result. One florist among hundreds real¬ 
ly succeeds in the culture of the American Beauty rose. Science 
may tell us later why the majority fail, yet, I believe we shall still 
have comparatively few successful growers of this rose. Some plants 
are like a very finely adjusted machine; if all factors are not per- 
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fectly harmonized trouble soon develops. This fine adjustment of 
temperature, ventilation, humidity and other factors is an art. 

Science has done much to simplify the culture of many plants 
and has often changed a mysterious and obscure art into a series of 
plain laws and their effects, and yet science cannot replace skill in 
practice. Science without art when applied to the production of 
horticultural crops is like a locomotive without steam. The machin¬ 
ery is there, but it alone does not produce results. 

The complaint has been made that graduates of agricultural col¬ 
leges are not practical, that they are unable to make a creditable 
showing at first in the art of fruit, vegetable and flower culture. In¬ 
stitutions attempt to overcome this fault by so-called laboratory and 
field exercises and by assignment to practical work. This problem 
has been frequently and extensively discussed. 

We hear, comparatively little about model gardens or model or¬ 
chards at our state institutions. Most of us consider ourselves 
fortunate if we have a sufficient area of orchard, garden or green¬ 
house space where the students may acquire a few ideas as to the 
practical culture of plants. The college orchard is seldom an ex¬ 
ample of the art of a skillful fruit grower, but is scarred by the 
errors of succeeding classes. Is this the best way to impress the stu¬ 
dent with the importance of art in horticulture ? 

Many of our young men enter upon research work and here art 
will demand its place even as in the practical field. The investigator 
may be called upon to direct the propagation of certain plants for 
experimental purpose and will meet with delays and serious difficul¬ 
ties if he lacks proficiency in the art of growing plants. Strong 
plants may not give the same results as weak plants. The success 
of a test may hinge upon this point alone. 

An investigator may so closely confine Ms efforts to the science 
of horticulture as to be led astray by some trick of the art. A 
scientist studying the diseases of greenhouse plants may draw er¬ 
roneous conclusions unless he is acquainted with the important de¬ 
tails of the art of growing the plants. 

Plant breeding is an important phase of horticultural develop¬ 
ment today, and skill in the propagation of seedlings is a necessary 
feature. Some valuable varieties have undoubtedly lx*en lost in the 
seed bed, and others, because of lack of skill in culture at some later 
period. 

It is probably true also that some plants of value have been dis¬ 
carded as worthless because the originator failed to provide the 
proper environment for them, and they responded accordingly. 

The college graduate who goes into the horticultural extension 
service of any state should have a full appreciation of tlie meaning 
of the art of horticulture. His duties are to encourage practical 
growers to follow along new lines of effort or to modify old ones and 
his every word and act will portray his capacity for such leadership. 

In our great desire to advance the science let us not neglect the 
art of horticulture. 
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INFLUENCE OF NITEOOEN IN WESTEEN OEO|||pS. 

By C. I. Lewis, ExperhnnU Station, Corvallis, 

For three years the Oregon Experiment Station in its branches 
at Hood River and in the Rogue River Valley, has beer conduct¬ 
ing experiments with nitrogen. 

We find in some of the valleys, trees while relativt*]y young, 
])eing from eleven to twenty-five years ol age, are nevertheless in 
a devitalized condition. These trees show a thin, yellow^ foliage, 
feeble, sickly growth, and a very earl> maturity. They produce 
fruit which tends to be small, and they have a tendency to shed a 
large percentage of their fruit. We also find the trees and fruit 
afiii<*ted with various physiological or functional troubles, such as 
core rot, Intter pit, little leaf, dieback, winter kill, etc. 

t'henucal analysis of the light soils of the Pacific Northwest 
has show^n them to have a relatively low nitrogen content and at 
the saim* time natural^ to be deficient in the supply of organic 
matter. 

In order to try and restore* these orchards to their normal con¬ 
dition, experiments wn^re conducted with nitrate of soda, the idea 
being to try and stimulate the trees and restore them, first, by the 
use of fertilizer strong in nitrogen and, second, to see if it was 
possible to maintain them in this condition through a modifica¬ 
tion of (oiltural methods. Table I show's the results in three years* 
work in two of these orchards. 

It is noted in this table that nitrogen w^as applied in three 
ways; (1 ) dry crystals spread broadcast on the ground, (2) liquid 
containing the nitrogen poured on the ground, and (3) trees 
sprayed with liquid containing the nitrogen. 

The results the first ear seemed to iiulicate that the best method 
was to spray the trees, or else to pour the nitrogen in liquid form 
on tln‘ ground. Tlies(^ striking results were secured partly, how¬ 
ever, because wv did not apply the nitrogen in dry form as early 
as in the other tw^o cases, owing to a scarcity of material. Another 
factor was an excessively dry spring, as results in the fall indi¬ 
cated that the dry crystals applied early in the spring did not 
begin to do their work until the fall rains dissolved the nitrogen. 

In the second and third years the nitrogen was applied in all 
three ways on the same date and seemingly there was very little 
difference lietweeu the methods in which the nitrogen w^as applied. 
The nitrogen in these experiments was applied about a month be¬ 
fore the trees blossomed, which seems essential if one secures the 
best results. Possibly some explanation is necessary as to why the 
two plots receiving no fertilizer did so much better in 1916 than 
in the former two years. This is due partly to the fact that the 
orchard had been resting and not doing anything and^ second, 
partly to the fact that these orchards this year are receiving the 
benefit of shade crops. 
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TABLE I. 

TABliE I.—Shows fob Three Years the Amount op Nitrate op Soda Used per Tree, 
Yield per Tree in Boxes, and Average Annual Terminal Growth 
IN Inches. 


No. 

Orchard 

No. 

Plat 

Nitarte of 
SodR Pounds 
per Tree. 

Culture 

Yields Loose 

Boxes. 

1916 

Averagi 
Annual Ten 
Growth, Inc 

ninal 

hes. 

1914 

1915 

1916 

1914 

1915 

1914 

1915 

1916 


lA 

5.2 

5.2 

Clover for 

4.1 

8.1 

13 

8.4 

15.2 

20.1 

1 

2b 

5.2 

5.2 

Green 

1 

8,5 

14.8 

7.8 

11.4 

17.1 


3c 

5.2 

5.2 

Manure 

.2 

6.00 

9.6 

5.3 

18.9 

16.1 


4 

0.0 

0.0 


.2 

.31 

8.8 

3.1 

6.9 

19.9 


lA 

6.75 

6.75 

Alfalfa Sod 

1.9 

10.0 

14.8 

8.8 

8.4 

15.4 

2 

2b 

6.75 

6,75 


2.3 

9.9 

15.5 

9.2 

10.3 

8.4 


3o 

6.75 

6.75 

“ “ 

9.8 

10.1 

15.7 

11.8 

10.9 

14.7 


4 

0.00 i 

0.00 j 


2.1 

1 *9 

5.7 

2.9 

6.6 

5.2 


A Fertilizer broadcast on ground. 

B Fertilizer sprayed on ground as liquid. 

3 Fertilizer sprayed on ground and tijee as liquid. 

It is interesting to note, however, that by the use of nitrogen 
in these oreliards the yields increased on the average of about ten¬ 
fold, and that for general orchard use, applying the crystals dry 
is sufficient. 

This past season we took in addition a new orchard which was 
run down. We tried in this orchard to detemine the value of 
different amounts of nitrogen. Table 11 shows the results. 

Table II shows variety used, pounds nitrate of soda used per 
tree, terminal growth in inches, length and width of leaf growth, 
yield in boxes per tree, and per eent increase of yield. 

TABLE II. 

TABLE II. —Shows Vaeietv Used, Pounds Nitrate of Soda Used per Tree, Termi¬ 
nal Growth in Inches, Length and Width of Leaf Growth, Yield 
IN Boxes per Tree, and Per Cent Increase of Yield. 




1 

Pounds 

Terminal 

Leaf Growth 1 

Yields 

Per cent 



Nitrate 

Growth 

Inches. 

per Tree 

Increase 

Variety. 

Plat. ! 

of Soda 

Inches. 


- - -: 

Loose 

of 



per Tree. 


Length. 

Width. 

Boxes. 

Yield. 


1 

7.3 

11.7 

2.95 

1.79 

16.1 

87 

Ksopus 

2 

5.00 

9.9 

2.92 

1.90 

13.44 

56 

(Spitzenburg) 

3 

Check 

4.1 

1.99 

1.85 

8.56 

., 


4 

3.00 

14.1 

2.90 

1.85 

12.61 

47 


1 

7.3 

9.5 

2.93 

1.92 

14.1 

166 

Yellow 

2 

5.00 

6.2 

2.79 

1.82 

11.9 

124 

Newtown 

3 

Check 

4.5 

2.32 

1.48 

5.3 



i 4 

8.00 

6.4 

2.75 

1.93 

9.5 

79 


This table shows strikingly that there is a very close correla¬ 
tion between the amount of nitrogen applied and the yield pro¬ 
cured with each variety. 
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Perhaps the most striking resnlts were secured in the first 
orchard mentioned in the percentage of set and in the influence 
on size of fruit. Table III shows these results. 

TABLE III. 

TABLK III. —Fjai Cmv of Skt and Swk of Fboit Influenced by Hitbooen. 
Hood Biver Experiment Station. 


Plat 

Pounds 
i per Tree 

1 

! Fruit Set. Per cent i 

1 1 

Size of Fruit. Per cent 

1 

June 4 

Sept. 30 i 

, .. . 1 

175-150 
' per Box 

138-112 
per Box 

100 Larger 
per Box 

1 

6.7a 

82,6 

34 6 1 

8.28 

24.71 

68.10 

2 

6.7b 

68,0 

30.7 1 

22.64 

29.13 

48.23 

3 

6.7c 

69.6 1 

37.3 

24.61 

41,87 

24.61 

4 

1 Check 

35.3 

16.4 

76.24 

18.32 

5.43 

Avera|?o of 

fertilised plats.... 

73.4 

34.2 

18.51 

31.90 

46.98 

Diflferenco 

due to fertilizer. .. . 


17.8-f 

57.73— 

13.584- 

41 . 554 . 


C'oiKieriiiiig the percentage of set, the facts are that there were 
many lilossoms too weak to set fruit on trees that were not stimu¬ 
lated. Nitrogen gave a sufficient stimulus to modify the character 
of blossom and to infliKuice the percentage of blossoms that were 
able to set and mature fruit. Nitrogen influenced the size of indi¬ 
vidual specimens remarkably. In some cases it made the fruit too 
large. The color was not quite as good from the use of nitrogen 
as otherwise, but it was a brighter, more lively color. One could 
have thrown away the poorer colored and over-sized specimens 
and still liave a tremendous increase in high grade commercial 
fruit. Not only tliat, but tin* average price per box for the apples 
that had been stimulated by nitrogen would be much greater than 
from the (iheck. In a commercial orchard of thirty-eight acres, 
at Hood River, this past sjiring nitrogen from live to six pounds 
was applied per tree. The crop this year was 23,000 boxes. Last 
year it was 1,500 boxes and the year before 4,500 boxes. The 
change in the vigor of tht‘ trees was as remarkable as tho in¬ 
crease ill yields. At the Rogue River Experiment Station in 
Southern Oregon, we likewise received very satisfactory results 
with apples on light soils. Nitrate of soda increased the yields 
about 7 to 1, With peaches wherever we secured fruit at the 
rate of 36 boxes on the nitrate plots, we secured only 7 to 9 boxes 
on the checks where no fertilizer was used. One of the most 
striking observations made in the Rogue River experiments was 
that in both apple and peach fertilized plots there was less frost 
damage than in unfertilized plots, the nitrogen seemingly pro¬ 
ducing blossoms stronger and more resistent to frost. 

CONC?LUSIONS. 

Nitrogen is apt to be the defident factor in the light soils of 
the Pacific Coast This can be most quickly and easily applied 
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in the form of nitrate of soda. From three to seven pounds per tree 
should be spread broadcast about a month before the trees bloom. 
For permanent improvement where irrigation is possible, shade 
crops should be planted, and where irrigation is not possible, cover 
crops. Our experience shows that nitrogen should be applied at 
least a month to three months earlier than has generally been 
recommended in the past; that nitrate of soda exerts a much longer 
influence than formerly supposed: that food and moisturt* exert a 
tremendous induence on the trees very early in the season before 
they bloom: that adding nitrogen and organic matter to the soil 
tends to overcome most of the functional troubles: that nitrogen 
can be made a distinct aid to successful i>ollination and set of fruit : 
that frost damage in some cases is less where sufficient nitrogen is 
employed: and lastly, that the apidication of nitrogen can be easily 
overdone. 

REPORT OP THE COMMITTEE ON RESEARCH AND 
EXPERIMENTATION. 

(This report is divided into four parts as follows:) 

(Part I) 

By L. H. Bailey, Chairman, Ithaca, N. 7. 

At the Columbus meeting there was appointed a Committee on 
Research and Experimentation, to report at the succeeding meet¬ 
ing. 1 was not present at the time and do not know the special 
reason for the appointing of the committee; but the secretary de¬ 
fined its purpose “to outline and give methods of the best ways of 
attacking research and experimental problems.’’ I conceive that 
it was not the intention to make a review of experiment station 
literature touching horticulture, or to sit in judgment on any piece 
of work, or to elevate the present outi>nt, but rather to provide 
definitions and to develop points of view, with practical suggestions 
on ways of organizing any proposed line of investigation. 

The members of the committee of five could not come together, 
inasmuch as two arc in California, one in Canada, and two in 
New York. Only by correspondence could tlie subject be covered 
and then only in a most general way, for it requires close personal 
conference to secure agreement on methods of procedure. The 
first passage of letters resulted in a statement of four general 
problems or subjects to be considered, and these subjects were 
assigned to those who suggested them. The chairman was un¬ 
doubtedly at fault in not assigning these subjects earlier; yet two 
members of the committee were able to submit statements. As 
these statements have not been discussed by the committee as a 
whole and as we have been unable to secure a meeting (only two 
members being here present), I have thought it unwise to sub* 



COMMITTEB ON BBSEAltCH AND EXBBSIMENTATION. ! Ill 

uiit a report as coming from the committee, but to present the 
statements of Dr. Webber and Dr. Howard and to make an in¬ 
formal statement of my own; these then stand as three papers on 
the subject of research and experiment in horticulture.* 

At least four subjects or lines of discussion are to be consid¬ 
ered ill any adequate treatment of this field: de^itions of re¬ 
search, experiment, tests and investigation, with indications of 
tlie ranges they cover; statement of the fundamental trainii^ re¬ 
quired for the successful undertaking of research; how to lay 
out an experiment or line of research; the way in which the facte 
.shall be marshalled, assorted, compared, judged, to bring out the 
essential facte in any piece of research. 

The statement of Df. Howard ably and graphically defines the 
field. It is evident that an experiment may not be research, but 
ordy one stage or part in it; if continued, and particularly if so 
designed and carried through as to cover a subject adequately in 
respect to the underlying reasons, it may be practically synony¬ 
mous with research. A test is a still smaller or more temporary 
underlaking than an experiment: one may test a series of varie¬ 
ties. the eflPeet of a fertilizer, a reaction in a test-tube or retort, 
or make other trials. The word “investigation” is generic in its 
character, and covers many of these distinctions. The word “dem¬ 
onstration, ’ ’ as now employed by the colleges, experiment stations, 
and farm bureaus, is a name for a local teaching enterprise. 

The measure of research lies largely in its intention, and the 
intention is to discover the underlying fact or a law of >vide appli¬ 
cation. To undertake research, one needs not only the equipment 
hut also to consider the element of time,—time to get all the facte 
in hand, to study them and compare them and challenge them, and 
to verify them. The final result should be stated in terms of the 
particular research, not translated into commercial values: these 
commercial values, if made, should be a separate computation and 
should not be the measure of the research itself. Application is 
not nec,es.sarily a part of re.seareh. 

The purpose of research is to discover and to express the 
truth. The Research value dcH>s not depend on the name of the 
investigation, on its size or extent, on the authorities cited, or on 
the bulk of the publication. 

As to preparation for research, the investigator should be a 
student in all that the word implies, and have the general equip¬ 
ment of a scholar. He should have the intellectual tools of his 
horticultural profession, snch as good grounding in physics, chem¬ 
istry and physiology resting on thorough understanding of the com¬ 
mon and corollary branches. These subjects are important al») 
not only as tools, but as training in methods and ways of approach. 
He should have good chemistry, physics and physiology and then 
more chemistry, physics and physiology. The investigator should 
hav| the contemplative or reflective habit or pose, for the refflilts 

* Sinee th« mating was beld Prof, Itas submitted tlM lourih paper ol UNft 

report of this committee. 
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do not come quickly, by snap judgment, or by what is called *^brih 
liancy/’ He must continue his study. 

No college course can provide this complete preparation. I 
have never known an investigator who thought himself sufiBciently 
prepared for his task. Much of his preparation he must gain 
as he go(\s. He must fit himself, by new preparation, for each new 
piece of work; he studies it before he begins it, and considers its 
bearings and relationships. 

In addition to the technical education in the underlying and 
correlating sciences, the investigator needs, as I see the problem, 
to have good training in English, that he may make sharp dis* 
tinctions in words and give a clear and unequivocal expression to 
his results, for he has a right to be understood only in the lan¬ 
guage that he uses; sound training in logic, as a good lawyer has 
it, that he may weigh his evidence with precision; careful work 
in systematic botany not only for its own discriminations, but 
also for its drill in dichotomy whereby equals and not unequals 
are compared. 

As to the organizing of research, 1 am much impressed by the 
clear distinction that Dr. Webber makes betwecm what may be 
considered the piece of work that concerns or issues from one in¬ 
vestigator or at most from one subject-matter departiiient, and 
that which is inter-related between different persons and depart¬ 
ments and is really the expression of the institution as a whole. 
Tn the former class, the one worker himself or the head of one 
department, is directly responsible and should hav(j headway. In 
the second class, there must be careful coordination by a direct¬ 
ing authority, to the end that the research may be properly solidi¬ 
fied and subdivided, with the necessary cohesion and authority. 
In institutional problems or lines of investigation, the individual 
worker may be free in his own subject-matter, Imt he is to recog¬ 
nize himself as a part of a whole, that he is working only on a 
piece of a problem. In such kinds of investigation 1 am afraid that 
there is danger of too much separateness and independence among 
the men, too much inequality of enterprise, and too great difurf- 
sion of responsibility. Always do I stand for both individuality 
and freedom, but the best individuality is often assured when the 
person is a part of a good program; when this program repre¬ 
sents an institution as a whole, there must be a responsible single 
authority behind it. 

I am glad that the American Society for Horticultural Science 
is considering these questions. They are fundamental to any perma¬ 
nent work in the subjects to which you have elected to devote 
your lives. I suggest that you have a standing cohesive commit¬ 
tee of say three persons who could report to you from time to 
time on the tendencies in research, on important happenings, and 
to keep you in line with the best thought on the subject. I wish 
that one member inight be chosen from outside the horticultuafal 
field. The committee would exercise no censorship and have no 
control over the work of the members^ and yet I can conceive 
that different members might be glad to ai^ its advice on 
of research that they have in mind. 
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(Reseabch and Expebimentation, Pabt II) 

Definitions of Research^ Experiment Tests and Investigation. 

By W. L. Howabd, University Farm, Davis, California. 

Primarily, experimentation consists of one or more experiments, 
trials or tests—^little excursions into the unknown—which may 
result ki simple discoveries, in the same sense that an adventurous 
traveler in an unexplored country may discover a new river, lake 
or mountain. Research is the discovery, or attempted discovery, of 
new truths or fundamental principles. A discovery of a fact as the 
result of an experiment or test may be of considerable local import¬ 
ance, while the discovery of a general truth of principle may have 
a very wide or even universal application. 

Tile aborigines of America undoubtedly discovered many im¬ 
portant rivers, lakes and mountains but such discoveries meant lit¬ 
tle to them beyond jiossible new' hunting grounds and new enemies 
to fight, and contributed nothing at all to civilization or its better- 
m(‘nt of humanity. How' different the discoveries of Lewis and 
dark, La Salle and Pere Marquette! These hardy pioneers had 
something more in view' than the mere finding of rivers; they sought 
outlets, gatcw’ays to their own or other countries which might be an 
aid to settlement and commerce. To them the mere finding or ex¬ 
ploring of a river w'as a means to an end. To fjoneral Fremont 
the encountering of herds of buffalo was a mere incident in his 
w^esteru march of discovery, while to tlie Indians this alone would 
have been entirely sufficient. 

Journeys into the unknowui, even when pursued in a definite 
direction and for a particular purpose, both in an experimental 
and a research spirit, may lead to more important results than 
are anticipated, ('olnmbus on his famous w^estern voyage had lit¬ 
tle idea of discovering a continent, and doubtless Waite was 
equally surprised wdien he discovered the fact of self-sterility in 
pears. Columbus died in ignorance of his “find'' while Waite 
w'as fully alive to the importance of his chance discovery. 

On the other hanil a worker may engage in pure research, 
know' w'hat he is aiming at, actually pursue his problem to com¬ 
pletion and establish some great truth or principle and >et not 
realize its importance or application. He is content because his 
is the pure, highly refined research mind which seeks no re¬ 
ward bevond the satisfaction of having done his work well. Such 
a man was Gregor Mendel wdio, like the great Columbus, lived 
out the remainder of his life and died without knowing that he 
had builded better than he knew. 

The older type of research man—^and his kind is by no means 
extinct vet—maintained that to be true to his calling he must de¬ 
vote his" time and energies to the faithful pursuit of a principle 
and was concerned not at all as to whether tlie truth or prin¬ 
ciple might have some useful application. This same spirit domi- 
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nated our older educators who believed that the aim of all educa- 
tiou was culture undefiled by thoughts of its possible applica¬ 
tion to such mundane problems as bread and butter getting. Both 
of these ideas serve tiie very useful purpose of establishing high 
ideals but happily we now know that, as all education, whi'tlier 
it be classical, professional, technical or even vocational, has a cul¬ 
tural value, that research is no less pure and commendable be¬ 
cause its aim is to serve some industrial need. And by this 1 do 
not mean to belittle the ideals an<l work of our numerous research 
men in the pure sciences. 

Our great danger as we face so many pressing agricultural 
problems lies in the fact that a goodly sized army of expiuiuient 
station men are in<jlined to take a wdld leap from the old fashioned 
habit of experimentation to the more alluring field of research and 
every man w^ants to get there first. This makes it nettessary for 
us to remember that experimentation is just as comnumdable as it 
ever was, provided we r(M*ognize its limitations. Th(‘ Adams Avl 
lias glorified the term researeli by focusing attention upon it. This 
Act has also established certain standards as to what (constitutes 
research, which has been a great help to experiimmt station work¬ 
ers in classifying their problems. Without meiitioriing names 
or institutions, Dr. True has told me of the difficulties he eiu'oun- 
tered in connection with his duties of selecting and apjiroving 
Adams fund projects. In brief, many were submitted while few 
were approved. In some states he had little trouble, wliile in 
others the difficulties encountered were* great indeed. In many 
instances there seemed to be almost a complete nusundcrstaiul- 
ing as to what constituted research and oftentimes high adminis¬ 
trative officials were the hardeat to make undeiatand. Small 
wonder then that young men receiving their bachelor degnajs 
five or ten years ago—or later—^have difficulty in comprehending 
the difference between research and experimentation. 

In order to make my conception (dear as to what constitutes 
research and what experimentation, 1 wdsh I might discuss con¬ 
crete examples in recent hortieultural station literature, but that 
would be much too personal and doubtless would lead to endless 
controversy. 1 shall, then, have to he content with citing semi- 
hypothetical cases. But a few observations by way of prefacje 
may make my task easier: A man- may take a walk without in¬ 
tending or, in fact without actually going anywhere in particular. 
He may have the definite aim in mind of trying to walk off a head¬ 
ache or improving his digestion and may succeed in both. On the 
other hand he may start to walk to the village of Jonesville or 
Podunk—something definite—or to find the family cow that has 
strayed away, or to search for some rare wild-flower, things equally 
definite. In the first instance the vralk might be likened to a simple 
experiment while the others are more in the nature of research. In 
botii cases walking had to be done, but the aims and ohjects of 
the latter might encompass or include the former, both m to the 
actual walking and its results. 
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A simple experiment may be performed and actually answer tbe 
question involved and may stop there. Also in answering the ques¬ 
tion, another question may be raised which may require another 
experiment or test. This in turn may be similarly tested and de¬ 
cided when others may arise and so on, but all such tests remain 
in the category of experiments. During the course of the ex¬ 
periments, however, the experimenter may come to the conclu¬ 
sion that there is some hidden reason at the bottom of all his tests 
w^hieh may explain why he has been getting certain results—some¬ 
thing tliat will clear up the whole situation. Long after the prac¬ 
tice of medicine was rated as a science, physicians w^ere familiar 
with the fact that the human heart pulsated, that there was a 
difference in color of the blood of the veins and arteries, lhat blood- 
poisoning might start in a man’s little finger and quickly involve 
the hand, arm and body and result in death, and doubtless many, 
many experiments were performed in connection with these phe¬ 
nomena which developed the fact that the heart beats seemed 
to synchronize with the red flood gushing from a broken artery, 
that septemia starting in a remote part of the body always trav¬ 
eled towards the heart, etc., etc., but the more or less isolated 
facts pertaining to these various things usually meant little until 
Harvey’s researches supplied the fundamental principle underly¬ 
ing all by the discovery of the circulation of the blood. 

Pollination studies may be carried on with a certain fruit; 
experiments are performed consisting of the land-pollination of 
this fruit with its own pollen and w ith foreign j>ollen, the usual 
precautions being taken with regard to the purity and vitality of 
pollen used in order that the final results may he properly inter¬ 
preted, The tests show’ that the fruit is not only self-sterile, 
but that a certain tw’o varieties are good pollinators for it and that 
two others are not. The next year other similar experiments are 
performed w^hich develop the fact that several of the varieties are 
self-sterile and that certain ones are inter-sterile, but that a cer¬ 
tain few are safe pollinators for many. These facts are very 
valuable as they enable growers to plant trees with considerable 
assurance of getting crops, but the experimenter becomes dissat¬ 
isfied Wause his experiments have not told him w'hy a certain 
variety is fertile of self-sterile. He suspects malformations in the 
flowers which might constitute a physical hindrance to pollination; 
he also suspects chemical antagonism between the pollen and ovule 
or that the trouble may be due to certain other physiological 
causes. series of experiments is now^ rapidly becoming an 

investigation and when a definite program has been mapped out, 
which has for its object the finding out of the cause or causes 
which underlie self-fertility or self-sterility in general or for the 
particular fruit in question, with a logically arranged set of ex¬ 
periments for pursuing the inquiry, the problem develops at once 
into a genuine piece of research. 

A set of pruning experiments might be undertaken. These 
mig^t include the proper shaping and training of young trees by 
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making use of various manipulations and later pruning to secure 
the largest sustained yield of fruit consistent with tlie health and 
mechanical strength of the trees. The character of the fruit and 
the size of the crops produced undoubtedly would be a correct 
measure of the importance of the different methods of shaping 
and pruning, and might answer the question or questions which 
were the objects of the experiment, but the line of work would 
still remain under the heading of experimentation. However, if 
some of the pruning is done in summer and it is noticed that the 
ti’ees seem to react differently to the cutting—that one A\eek new 
grow^th starts rather (luiekly from near the point when* the branch¬ 
es have been headed in, wliile one or two weeks later it may not 
start, and then starts again following a similar cutting two weeks 
later still—and becomes int(*rested in these plienomena to the ex¬ 
tent of starting an inquiry to try to determine why trees react so 
differently to <*ufting or, in other words, to find tin* specific effect 
of pruning, the work changes at once from experimentation to 
research. 

It is thus seen tiiat experiments are necessary steps in carry¬ 
ing on research work, but it is also clear that research is much 
deeper than experimentation. As stated }>efore. experimental tests of 
various kinds are necessar.v and perfe<*tly justifiable, and always 
will be, and more experimental work should he em'ouraged, hut 
experiments as su(*h should not be eonfused in their meaning ami 
objeets with the seope and ultimate aims of researcli. 

(How TO Lay Out .\n Experiment in HouTicriiTi^RE. I^art III.) 

Hy H. J. Webber, Citrus Ejpirimoil Slatiou, Iiiv(rsi(h, Califontia. 

In the segr(*gation of the work of the Committee of Experimen¬ 
tation and Researeh, there has been assigned to me for diseussion 
the topic, ^‘How' to lay out an experiment.^’ Ea<*h member of 
the Society doubtless has very t*onerete i<leas as to bow experi¬ 
mental w^ork should lie organized and laid out, and it is not to be 
expected that any one or tw^o methods or rules can be devised 
that will be generally applicable. There an* probably, however, 
certain general principles which can be stated that may be gener¬ 
ally applied. 

In all experimentation in agriculture and horticulture the writer 
believes that the first point for decision is w’hether the problem 
is of limited or general nature, or, as I prefer to express it, wiiether 
it is to be considered an individual or an insiitutional problem. 
J am, of course, discussing this subject from a state experiinentnJ 
station standpoint, and by these terms I do not mean that certalJi 
probh*m8 are private and others institutional, but what I do mean 
is that, as investigational work appeals to me, there are certain 
problems in a station’s work that had best be handled by the in¬ 
dividual investigator, and certain others that, because of their 
broad nature and the length of time they must be conducted, con- 
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cern the entire institution and must be handled by the institution 
as a whole through committees and the cooperation of various 
departments. 

Let me more clearly outline this by examples. Suppose the 
problem concerns the causes -of sterility or seedlessness in fruits, 
or the control of peach rust. These examples, I should consider 
as individual problems. They do not require for their solution, 
so far as we can see, the planting of extensive areas on the sta¬ 
tion farm that must be handled uniformly for years and that 
require the expenditure of extensive funds. They are problems 
of limited nature, related in each case to one primary science,— 
in the first instance to genetics and in the second to plant pathol- 
both of these in turn being parts of the fundamental science 
of botany. They are not so broad in their nature but that one 
specialist in the branch indicated should be capable of planning 
and carrying out a thoroughly satisfactory and trustworthy series 
of experiments. 

A typical, institutional problem is a fertilizer experiment with 
orchard fruits, mrh as, oranges or apples, if it is correctly planned 
and manned. An experiment of this kind requires the permanent 
assignment to it of a considerable acreage of land. Tt is an ex¬ 
pensive e-xperiment in time and funds. It requires to be planned 
with the greatest caution and continued for a long series of years, 
if the maximum results are to be secured. Such an experiment 
concenis and is of importance to almost all departments of agri- 
(Uiltural science. The agricultural chemist is interested from the 
standpoint of the fertilizers used and their chemical reactions in 
the soil. The soil physicist is interested in the reactions of the 
various treatments on the physical characters of the soil, and in 
turn on the water-absorbing and w^ater-holding capacity of the 
soil. The soil bacteriologist is interested in the effects on the ni¬ 
trifying and cellulose-destroying organisms of the soil, and the 
general effect on all soil organisms. The plant physiologist is 
interested in the effects on the plants as bearing on the problems 
of plant nutrition and the modifications of quality by feeding. The 
pathologists and entomologists are interested in determining wheth¬ 
er feeding or fertilization lias any effect on vitality that may lessen 
or increase the susceptibility of the plants to attacks of various 
fungus and insect pests. The success of the experiment depends 
in considerable degree in reducing the variability of the differ¬ 
ent individuals used in the experiment, from inherent heritable 
causes to such a low deviation that the variation caused by the 
different treatments is an appreciable and measurable^ difference 
known to be the reaction due to the treatment. In this field the 
services of the plant breeder are required. Lastly, the group of 
workers interested in orchard management are concemed with 
the bearing of the findings of this experiment on the prphlew of 
practical orchard management f ^ 

The above illustrations will ctea4y indicate wjmt the wriba? 
moans by individual and institutional problems t Tl^ J^yicatigator 
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handling an individual problem should be given the greatest pos¬ 
sible scope of freedom in planning and executing his work, and 
should not be hampered by committee )neetings to consider his 
work and methods. He is a specialist in his field, and his success 
depends upon his individual initiative and or^nality. If he fails, 
it is his failure, and the cause for the failure is easily located. 
It is not to be assumed that all of the problems connected with 
an institutional experiment, such as a fertilizer experitnent, art* 
of institutional nature and require to l>e handled as such. In 
every institutional experiment there will be numerous problems 
of individual nature that may he carried forward independently 
by the investigators of the diflFeient departments concerned, and 
these can be bandied entirely as individual problems. 

The institution experiment, such as the. fertilizer experiment 
suggested, will probably last longer than the university life of the 
individuals planning it. Every important detail of the experi¬ 
ment must thus be carefully planned and ret*orded, and no change 
of treatment made until carefully considered and sanctioned by 
all concerned. Every rei^ord must be clear and full, so that it 
may be easily interpreted by others not familiar with the details 
ten or twenty years later. The control of such an experiment is 
an institutional matter in considerable measure because of the 
number of departments interested in it. 

It would probably be a loss of time to discuss the planning of 
an individual experiment; it is the planning of the institutional 
experiment that demaruls our thought. In general the organi¬ 
zation of such experiments can be perfected in two ways: (1) 
through the work of <iamiuittees, and (2) by a strong team captain. 
By the first means the organization of the experiment would be 
placed with a committee consisting of men representing all lines 
of science concerned in the experiment, an<l these men would seek 
all information available to enable them to lay out the best and 
most comprehensive experiment. This is the plan of organization 
I judge that is most commonly pursued. This iriethod, however, 
has certain dangers. I think it may be safely stated that no gen¬ 
eral institutional experiment, such as the writer lias in mind, (!an 
ever be conducted on as large a scale as the investigators desire. 
Probably the ideal experiment will always be too large and too 
(ioniplex to be feasible of execution. As an illustration, permit 
me to refer to the planning of the fertilizer, irrigation, and culti¬ 
vation experiments that are soon to be installed at the Citrus 
Experiment Station. If all of the comparative treatments that 
the various investigators are anxious to have included wi^re in¬ 
stalled with the necessary number of repetitions and check plats, 
the entire experimental farm would be utilized for these experi¬ 
ments, and the cost of their mamtenanee would be prohibitive. 

It was first found necessaiy to determine about what area could 
]^e allotted to the experiment, considering other lines of work, 
jtoda available, and the like> remembering always that such ex- 
perimmts to be valuable must run for years and must thus be able 
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to justify themselTes and command continuous support. Fol¬ 
lowing this the size and arrangement of the plats, the number of 
repetitions of each treatment and the number of check plats were 
decided. All of these factors must be arranged satisfactorily in 
order that the results when finally obtained will be reliable and have 
value. These things having been decided, it is evident that only a 
certain number of different treatments can be made, and the great 
task is then to determine what treatments are of the most importance, 
as many important treatments must be eliminated. For over a year 
the task of planning these experiments has been one of the main lines 
of work of the Citrus Experiment Station staff, and only the most 
fundamental things have as yet been decided. The experiments 
have been limited to an area of about 60 acres. The size, shape 
and composition of each piat has been determined, as well as the 
number of repetitions and check plats. The studies of our com¬ 
mittee have developed into a veritable research on methods of field 
experimentation with such long-lived crops as citrus, and would 
form an interesting appendix to the report of this Committee of 
the American Society for Horticultiu'al Science. 

Coming now to the point, the danger of organizing an experi¬ 
ment by a committee in this way lies in the possibility that the 
plan finally adopted may be a result of compromise that will be a 
hodgefXHlge that after all may be emasculated of its most vital points. 
The. most valuable series of experiments in the history of science 
are usually those planned to solve certain points. Agricultural 
experimentation is so new that the best methods of organization 
are not known. 

The second plan of organizing experiments of this nature by 
what I have termed a strong team captain remains yet to be con¬ 
sidered. I have frequently been led to question whether after all 
the best method may not be to get a strong, virile investigator witk 
originality, vision, and training of the right kind and charge him 
with the sole responsibility of planning the experiments. Such 
a man w’ould naturally consult all departments concerned in an 
experiment and get all the help possible in planning them, but 
would plan the exjieriments at least to <*enter on the solution of 
certain fundamental problems. The result would not be a com¬ 
promise. 

Which of these methods will give the best results is, as yet, 
a matter of opinion. 

In the organization of many investigations of horticultural na¬ 
ture, it is of primary importance to secure the cooperation of men 
in various special lines. A fertilizer, irrigation, or cultivation 
experiment, if it is to have its highest value and yield the great¬ 
est number of useful lessons, must be studied by chemists, soil 
physicists, plant physiologists, soil bacteriologists, pathologist^^ 
crop experts. Experiments that cost so much should be used to 
the maximum extent Very few experiments of this kind nm 
under way are being so studied. This, I believe, is in large imm- 
ure due to a failure to recognize wdmt should he individual and 
what, institutional experiments. 
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(FUNDAMENT.1L TRAINING REQUIRED FOR THE SUCCESSFUL 
Undertaking op Research, Part IV.) 

By W. T. Macoun, Central Experiment Farm, Ottaxva, Canada, 

As a member of the Committee of Experimentation and Re¬ 
search, 1 shall but mention a few ways in which, in my judgment, 
better results could be obtained. In the first place, great care 
should be exercised in selecting men for experimental and re¬ 
search work, and more particularly tin* more complicated investiga¬ 
tions which could fairly be included in tin* field of research. A 
man may be competent to do variety testing in which little con¬ 
centration of tliouglit is necessary, but when it comes to some 
problem where many factors are involved, he either has not the 
ability or lai'ks the interest to see it through. This brings one to 
the second important matter namely, the eduactiou of the man 
who has the ability and the interest. Many hoi’ticulturists feel 
the lack of a thorough grounding in the science of chemistry, 
physics and ])otauy, and the man who is interested in reseandi 
feels either that without tJiis knowledge it is impossible for him 
to attack certain ))roblems at all, or else that he is dejicudcnt on 
specialists in tlu^se scienec^s to help him complete his w'ork. (\)- 
operation in research w’ork is desirable, but wdien, ))y broad train¬ 
ing, it is possible for a man to work the whole problem out him¬ 
self it is usually much nion* satisfacdory to him and, often, the 
results are presented in a more eonvineing way than if several 
persons had been ceueerned with them. 

The third w’ay in w’hi(‘b 1 belicvt* that b<»tter results w^ould be 
obtained in experimentation and researeh is by each w^oiker know¬ 
ing wdiat other w’^orkers are doing. Would it not be possible to 
publish an index in t!)e annual report of the Am(*riean Society for 
Horticultural Science of tlie different lines of experimentation and 
rest*areh in horticulture which an* under w^ay at the experiment 
stations and agrieultural colleges in Americ'a, to be i*evived from 
year to year? Here w^ould, in my judgment, be something that 
would be invaluable, not only enabling one person to get in touch 
with someone engaged on a somewhat similar problem to his own, 
but be a means also of preventing duplication and thus saving mueh 
unnecessary waste of time. 

REPORT OF COMMITTEE ON GRADUATE COURSES, 

By M, 4, Dorsey, Chairman, University Farm, fit, Paul, Minn, 

In concluding the report for last year the committee on grad¬ 
uate work suggested lines along which the investigation this year 
should be made. As many of yon will recall^ a questionaire was 
sent out embodying largely the suggestions made at that time. 
This report is based almost entirely upon a digest of the replies to 
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those questions. The general outline of the questionaire will be 
evident by following the italicised side heads in the report. These 
are taken up here in the order they are given in the questionaire 
and the discussion under each heading is quite a complete sum¬ 
mary of each question as answered. 

Whai is the Best Type of Thesis for the Mastcr^s Degree? A 
digest of the replies showed strongly a sentiment in favor of 
problems involving originality and developing individual thought 
and training in methods of attack. Some felt as though they 
should be of a laboratory or of a technical nature and others ex¬ 
pressed the view that they should be field studies, surveys, prob¬ 
lems similar to the Hatch fund, one phase of a major station pro¬ 
ject, studies of marketing, or any problem that would add to the 
student’s knowledge of any branch, technically or commercially. 
A literary review or a library study of work already done was 
favored by only two. Some expressed a preference that the prob¬ 
lems be i)ractical and some the application of the fundamental 
sciences to some x>ractical subje<‘t. The suggestions as to the field 
in which the w’ork should be done included chemistry, botany, 
biology, plant physiology, biometry, genetics, and lioi1;iculture. 
This would appear to give plenty of room. There was little sen¬ 
timent in favor of requiring in tlie master’s degree only further 
course work or a literature review; greater emphasis was placed 
upon fundamental training. 

Types of Thesis Required for fin Doelor\ Degree: The re- 
j)lies show^ed a general recognition of a distinct difference between 
tlie requirements for the master's and doctor’s degree. These 
were expressed in the terms of prerequisites required, scope and 
high standing of the work and a familiarity with the underlying 
sciences. The following digest will serve as an index to the view^s 
expn»ssed. 

As to the type of work, ‘‘both field and lalwatory research,” 
“strkd research,” or “more thorough and broader than the mas¬ 
ter’s ilegree,” and “based upon one or more of the fundamental 
seien<jes” were typical expressions. One correspondent was in 
favor of reipiiring subjects involving “purely scientific investiga¬ 
tion of the highest type.” The scope of the sciences mentioned 
as bash* for tlie doctor’s degree correspond closely with those for 
the mjister’s degree. The sentiment as to which were the funda¬ 
mental sciences underlying horticulture included plant physiology, 
botany, chemiBtr>% genetics, economics and taxonomy, and the gen¬ 
eral statement, “fundamental sciences.” The statements showed 
a preference to a relatively narrow problem, carried forward in¬ 
tensively, whitth led to conclusive results, either negative or posi¬ 
tive. One answ^er stated that the doctor’s degree should be to 
quite an extent “philosophical subjects requiring thorough analy¬ 
ses and comparisons.” Another stated “that the doctor^s degree 
should be strictly research confined to fundamental principles. 
Sufficient time should be allowed to complete the problem under¬ 
taken. The standards cannot be made too high. No literature or 
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biographical work should be accepted. It need not be confined to 
the laboratory, but may be carried into field, orchard, or packing 
house, depending on the nature of the work. An age and experi¬ 
ence standard should be set.’' 

In this connection should be mentioned that there is an admira¬ 
ble frankness shown on the part of a number of institutions re¬ 
garding graduate work. The sentiment that the undergraduate 
work should be developed first was expressed by a number. Others 
stated frankly that they recommended that their students take 
their advanc^ed degree in a different institution from their bac¬ 
calaureate. It would seem from the replies that the distinction 
between the two degrees is for the most part well iwognized and 
that the type of training re<tommended speaks well for the con¬ 
ception of w^hat horticulture is to be in the future, as well as indi¬ 
cating largely the type of training the workers shall have in that 
field. 

Suggcsiions as to ihv Hvopv of ihc Thesis: The replies received 
to this question expressed a pref(‘rence for a restricted intensive 
thesis investigation. Something of the idea is expressed in the fol¬ 
lowing sentences w hich are quotations. A problem narrow in scope, 
giving a student a thorough training in directness and accuracy 
of method. A problem of limited scope with an intensive effort on 
the part of the student, the subject making little difference. An¬ 
other, how^ever, expressed a preference for a broad phase of the 
field of production, marketing, storing, or the preparation of pro¬ 
ducts for storage. The work should be carried far enough to fur¬ 
nish a basis for conclusions. ^‘As to the scope for the 

work for the doctor's degree, my feeling is that the problem should 
be of a veiy limited nature so that it is possible for a student to 
cover the field in a thorough woy. A broad general subject should 
be strictly avoided.” ‘^The thesis should be of smdi a nature 
and scope as to tea<^h the candidate the proper method of ap¬ 
proaching a problem. Whether his results are of benefit scien¬ 
tifically or practically is a minor circumstance, so that he gain 
the proper attitude toward future work.” '^The master’s thesis 
does not need to be regarded as a finished product and generally 
is a preliminary study. There should be no library thesis sub¬ 
ject for this degree. All doctor’s work should be of a high scien¬ 
tific nature, developing thoroughly the historical side, and of some 
attainment in an experimental way. The mere perfonning of ex¬ 
periments is not enough. The work should be carried to a finish 
with a careful analysis of the results as a basis for conclusions.” 
The idea generally prevails, especially for tlie doctor’s degn^e, 
that the work should be specific when completed and w^ell presented 
from the standpoint of the literature ajid material and also should 
include a careful and thorough analysis of the subject m a basis 
for drawing conclusions. 

The Best Arrangement that Can be Made at the Present Time 
to raise the standards of Graduate Work in Horticulture: Quo¬ 
tations are given from the various answers setting forth the range 
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of suggestions under this heading. Most of th^e are stated with¬ 
out revision. “To raise the standard of graduate work in horti¬ 
culture, to raise the standards of scholarship, enthusiasm and per¬ 
sonality in the instructional staff and to include on the graduate 
faculty only members of the experiment station staff carrying for¬ 
ward research.” The establishment of research fellowships and 
a close working relation between the Adam’s Fund projects and 
the graduate thesis investigation, and better training, both in the 
instructional staff and in the preparation of graduate students, 
were suggested by a number as one of the most immediate steps 
which should be taken in this direction. The suggestion was made 
for the formation of a standard and its promulgation through 
the medium of a society such as the American Society for Horti¬ 
cultural Science, similar to that supplied by the committee on 
undergraduate instruction. Another suggested the concentration 
of advanced work in two or three institutions with some coopera¬ 
tive arrangement by means of which the graduate students could 
la* divided between them. “Carry the graduate research work 
along with the experiment station work. If the latter work is 
organized on fundamental lines this should operate to the advan¬ 
tage of botli student and station.” It is held by one that no 
rule can be laid down, that the value of graduate work depends 
entirely upon the man under whom it is done. “Experiment 
station work is the life of the grailuale school. If the college and 
station were S(‘parated it woulil be only a few >ears until the 
teaching staff would he as incompetent to guide graduate stu¬ 
dents as the extension service is now.” “The standards of grad¬ 
uate work in horticulture can best be brought about by breaking 
up horticultural departments into their component parts. If a 
division is to have a title of Department of Horticulture, it 
should be a department of orchard management, limiting its field 
to the general social, political and economical questions relative 
to orchard culture.” It was suggested also that a research propa¬ 
ganda committee might attempt to elevate the standard of our 
horticultural departments by “direct appeal to workers or by a 
publicity campaign in which research ideals might be set forth. 
The American Society for Horticultural Science might appoint 
a committee on graduate research to whom wmuld Ih* submitted 
thesis outlines for approval.” 

The suggestions as to the liest method of improving graduate 
work have included the following points which are worthy of em¬ 
phasis: First, better training in the teaching staff; second, better 
preliminary’ training for the students; third, limited gradwte 
instruction for the reseandi men; fourth, the formation and adop¬ 
tion of a standard to follow; fifth, the breaking up of horticul¬ 
tural departments into their component parts, and sixth, the plac- 
ing of emphasis upon fundamental training. 

Shall ihe Them Work br Carried Fortvartl in ffoHkuUurc or 
in One of the Fvndamuntal Sciences: The vote on thia question 
ahovrr ^ divided sentiment. Twenty-four were in jEavor of carry- 
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ing work forward in horticulture and eleven in the fundamental 
sciences. Some expressed the opinion that the master’s work 
should be taken in horticulture, but that the doctor’s thesis should 
be worked out in one of the fundamental sciences. Others felt 
that the proper arrangement to make would be to have the thesis 
work done in horticulture with a cooperative arrangement with 
the other sciences. One correspondent says “My idea is to select 
some horticultural problem that requires a deep plunge into one 
of the fundamental sciences to bring about its solution. The sooner 
we can get our students to fully understand that real horticul¬ 
tural problems require fundamental research, and that in order 
to carry forth research they must have training, the sooner we will 
be able to give the men the training they should have to enable 
them to advance the horticultural cause in general. If we are to 
raise the standard of graduate work we must not fail to impress 
upon the man the fact that horticulture itself is not a science, 
but is made up of fragments of many sciences.” “It seems to me 
that horticulture is the application to the problems of certain 
crops, of the fragmentary body of science which is distribuleil 
among such subjects as botany, chemistry, with their subdivisions. 
I see nothing in the way of graduate work being administere<l in 
a horticultural department which involves sustained study in oiu* 
or more lines of fundamental science.” Apparently there are 
some workers in the field of horticulture who are yet to be con¬ 
vinced that fundamental work cannot be given in horticulture. 

Is It Desirable From the Standpoint of Gradnate Work to 
Separate College and Station: The replies on this point were de¬ 
cisively against separating college and station. College is used 
here in the sense of carrying with it the graduate school. The 
total vote stands 24 to 1 against separation. The points mentioned 
in favor of an intimate relation between college and st,ation wH»re 
mainly grouped about the idea of the stimulus M^hich wouhl come 
to the staff and to the student, or that it would be best for the 
staff or that it would be best for the student. 

There was no doubt as to the desirability of having the inves¬ 
tigators give the advanced instruction. One expressed the opinion 
that work should not he given by one who is not carrying on re- 
sear<3h. The idea was expressed also that graduate work and 
station investigation lie right along the same line and where a man 
is doing research work he could with advantage spend some time 
with graduate students. “If experiment station men above a 
certain grade are to teach it would better for them to confine 
their attention to graduate students.” “If the graduate research 
can be carried along with the station research and the latter is 
organized on fundamental lines the work will be attractive to the 
Students desiring to obtain the best opportunities for graduate 
work. The staff will have the advantage of the conscientious and 
careful work of a number of students capable of working along 
fundamental lines. Separating the college and station staff would 
result in the narrowing of the field of observation and study of 
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the station staff. From both the standpoint of the staff and the 
graduate student, therefore, it seems desirable that the college 
and station staff should be together.” 

Would It Be Desirable to Have a Close Working Relation 
Bettveen the Station Projects, Especially Adam’s Pmid Projects, 
and Graduate Thesis Investigation: Here s^ain the answers are 
decisive and show conclusively the place the experiment station 
is taking in relation to the graduate work. The answers were 25 
to 2 in favor of a dose relation. The objection to a dose working 
relation between the station projects and the graduate students 
seemed to be the ‘‘undeniable fact that such relation has a 
strong tendency to make the station project secondary.” Some 
advised putting students on Adam’s Fund projects, others did 
not. “I think there should be the closest kind of a working rela¬ 
tion between the station i)rojects, especially the Adam’s Fimd 
projects and graduate thesis investigation. This is what makes 
the station a graduate school. It is simply made up of experi¬ 
mental research problems and the atmosphere is just the right kind 
to stimulate and bring out tlie Iwst that is in a student working 
for a higher degre<‘.” The sentiment was also expressed that a 
dose working relation between the station and graduate school 
should be extended only to the doctor’s degree. 

The Best Adjustment or Arrangement Within the Staff so 
That More Time of Qualified Instructors Will he Given to Grad¬ 
uate instruction : The suggestions as to the best method of ac¬ 
complishing this purjwse. while quite varied, were for the most 
part dirH't to the point and showed pretty dearly the direction 
changes would take to accomplish this purpose. There w*as a 
recognition almost unanimously expressed that tin* men giving 
the graduate work should he research men of high standing. Un¬ 
der this heading again the desirability of an intimate relation with 
the experiment station was emphasized. The changes included 
‘‘more men on the staff,” ‘‘setting some apart as strictly research 
men,” ‘‘conferences between the staff members and the graduate 
students in the way of seminars,” and “limiting the amount of 
undergraduate instruction so that each member of the staff could 
l)e carrying forward some research.” It was evident in this con¬ 
nection* that as a general propo.sition our departments are under¬ 
manned. so that members of the staff do not have sufficient free¬ 
dom of time for research and stmly. 

The dMiirability of a close working arrangement between the 
research men, especially those conducting the Adam’s Fund re¬ 
search, and the graduate thesis investigation, especially the doc¬ 
tor’s, was emphasized in a number of cases. The graduate work 
and the Adam’s Fund investigations appear to Iw influential in 
raising the standards of research as well as the type of problem 
for research. In concluding this section quotations will be given 
from the correspondence. These w-ill serve to show the viewpoint 
at a numWr of institutions. 



126 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE. 


“An increa^ of the staff with more time of qualified men free 
from research and graduate instruction. The point is to have 
more time available with the right type of men. Most of m are 
kept busy with work already at hand so that no adjustment is 
possible. ^ ^ 

“Our plan is to assign each graduate student to the member 
of the staff that comes closest to bring the specialist in the line 
in which his thesis is taken. The help that the student receives 
from other members of the staff is incidental to instruction re¬ 
ceived from them in regularly scheduled courses.^’ 

“Confining the teaching to three credit hours per week, es¬ 
pecially with members of the scientific staff. Tea(5hing of the 
undergraduates can best be left to men who are doing the routine 
work of the department rather than actually thinking out prob¬ 
lems. These men dealing with the undergraduates should be pri¬ 
marily teachers and secondarily investigators.” 

“It seems impractical to make any definite adjustments. The 
tendency where station work and graduate instruction are* com¬ 
bined is to devote most of the time to the students and unless 
there is a sufficient staff the research work is the first to suffer. 
This is perhaps one of the most valid objections to the combina¬ 
tion of station and instructional work. Our aim has been to avoid 
overloading men with teaching so that each member will have time 
left for research.” 

“I wish I could answer this question, for if I could. I would 
certainly bring happiness to universities all over the country. It 
seems to me that matters will have to be settled according to cir¬ 
cumstances that prevail locally in each institution. In general 
those men who show the greatest aptitude for resean;h are the 
ones who should be given facilities for research and also to whom 
the direction of graduate thesis problems should be given. In 
these cases the thesis problems ought to be intimately associated 
with the general research problems carried by the station men. 
Both the instructors and students should have vital interest in 
the problerri.” 

“No instructor should give graduate work who is not himself 
doing investigational work of high grade and no investigator 
should be burdened with so many graduate students as to cause 
serious interruption in his investigations. It appeals to me as an 
important thing to establish that graduaU*. work should be very 
different from undergraduate work. In many places graduate 
students work in a large measure by close association with the in¬ 
structor and by frequent short consultations and suggestions, but 
without eicpecting to attend graduate courses of lectures. Inves¬ 
tigational work in undergraduate institutions has developed largely 
on the lecture system; while it appeals to me that graduate work 
on the contrary should not be expected to develop in this form, 
but should be based on personal study and personal initiative and 
that the student is benefited in proportion to the little time that 
is given to his instruction. In other words, that the graduate 
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work should be a field for the student to bring out his originality* 
While part of the instruction may be given by lectures in graduate 
work, it has always appealed to me that there should be a mini¬ 
mum of the course requirements and lectures,'^ 

think there are few men capable of giving first class grad¬ 
uate instruction. 1 believe that in most of our institutions we are 
more likely to fiiKl better qualified men doing research work than 
exclusively on the teaching staff. On the other hand, the station 
research man is liable to know little about students and is liable 
consequently not to be able to direct graduate students to the 
best advantage.’’ 

In closing the discussion it seems to the committee that there is 
oiu* point which will b^ar careful consideration by the Society. 
That is the one raised in the second part as to whether or not 
thesis researcli should be carried forward in the department of 
horticulture. You will recall that there was a division on this 
point, twenty-four in favor of it and eleven against it. We wish 
to simpl^y raise tlie question as to whether or not the situation 
in horticulture is diffenuit from that in agriculture, that is, in 
section M of the American Association for the Advancement of 
Science. Soiiu* of the s(*iciices brought over into agriculture seem 
quite specific ami well defined, and yet in the application of chem¬ 
istry to agri<»ultur<N we havt» so many phases that it is complex 
indeed. The (jtiestion is w'orth considering as to whether or not 
there is any fuiidaineiital distinetion betw'een an applied science 
aind a so-called pure seieuce. The proofs, the facts, and the meth¬ 
ods are the same in applying a science as in extending it. In 
fact, the application of a scienct* very frequently results in the 
extension of that scicu<*e as w’eli as in its application. It has 
l)eeii pointed out in other discussions on graduate work before 
tlie Society tliat in order to apply a scdenct* it is necessary to know" 
it. So, it w’ould seem that in hortienlture for instance, as in the 
broader field of agriculture, wre would have to consider it an art 
as practiced by the grower; but research within this field is not 
necessarily of a superficial or incidental nature on this aceotint. 
The W’hole range of the applied sciences (*an be brought to beer 
upon the problems conconiing horticulture the same as they can 
l>e in the general field of agriculturt\ medicine or engineering. This 
is indicated very w*cll by the replies so that when it comes to grad¬ 
uate work it ^nns that the refM)g!iition given to fundamental 
training in these reports is sound and that fundamentally the 
strong sentiment of aligning the graduate work up with the re¬ 
search is certainly in tlie right diraikm; but we must ever keep 
in mind the fact that in agriculture the departmental divisions of 
the subject are purely arbitrary and that as Bailey points out such 
<livisions do not exist in nature. The main reason for a division 
of horticlilture is that there will be grouped al>out the subject 
matter in this field men trained and responsible for applying fun¬ 
damental research direct to its problems. However, experien(*e 
has shown that when^ there is the responsibility of direct applica- 
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tion, more consistent results can be obtained than where the re¬ 
search in a particular field, as horticulture, is of an incidental 
nature in one of the other fundamental sciences. 

In the Massachusetts Agricultural College, graduate work is 
designed to equip men along two lines of work, the professional 
and the research, the former type of development being along that 
primarily followed by undergraduate work with a lower require¬ 
ment of the sciences and humanities. As a point of entrance 
to a discussion of this question Dr. Shaw proposes three phases 
of it for discussion. These are direct and to the point in this con¬ 
nection, and the committee would like to have a frank discussion 
of them. They are as follows: 

1. Is it desirable to have a course of graduate study and train¬ 
ing to fit men for the jiractice of hcxrticultural professions different 
from that designed to fit men for horticultural research ? 

2. If su(;li a <lifferentiative course is given, what primfiple 
should govern its nature and development 1 

3. Should such a course^ have a <legree of its own such as 
Master of Agriculture and Doctor of Agriculture? Or will the 
usual Master of Science and Doctor of Philosophy he more de¬ 
sirable ? 

If the Society wishes to continue this committee we suggest 
that the reports in the future be much more specific in nature and 
(iover merely one point as for instance, the presentation of 
thesis research or thesis outlines or a more thorough investigation 
of the best policy with referem^e to graduate fellowships, or a study 
and presentation of outlines for graduate courses in horticulture. 
These are merely suggestions and the committee l>eHeves that it 
would be best for the Society to indicate the line along which the 
report should he given. It is understood, however, that your 
committee should have the closest cooperation with the horticul¬ 
turists in any of the investigations. We wish to suggest for the 
committee of the future a fuller set of answers wh<*re methods of 
viewpoint and judgment are concerned. 

(This report is liased on answers to tlie ([uestiouaire from the 
following states: California (Berkeley), (California (Riverside), 
Colorado. Delaware, Florida, Georgia, Idaho, Indiana, Iowa, Kan¬ 
sas, Maine, Afassachusette, Afiehigan, Atinnesota, Alontana, Nebras¬ 
ka, Nevada, New Hampshire, New Jersey, New York (Geneva), 
North Carolina, Dhio, Oregon, Vermont, Virginia, Washington, 
West Virginia, Wisconsin, and Wyoming.) 

LINES OF WOKE IN WHICH THE BSEMBEES AEE ENOAOED* 

At the New York meeting the following resolution was adopted* 
‘^Tliere is a general feeling that the Society should, 
from time to time, assemble and publish a list of the 
various lines of work in which its members are en¬ 
gaged; for this reason your committee presents the 
following: 
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Eesolved: That the Secretary be requested to se¬ 
cure annually from the various agencies represented 
in the Society a statement of the horticultural in¬ 
vestigations and experiments which they are conduct¬ 
ing, and that this information be published in the 
annual report of the Society.” 

In carrying out the instructions of this resolution the Secretary 
circularized the inembersliip on January 5, 1917, and the follow¬ 
ing report, of projects is the result. As the Secretary understood 
the intent of the resolution it was to secure titles of lines of work 
only without discussions of the objects or results. Acting upon 
this interpretation he has assumed the responsibility of abbrevi¬ 
ating, restating and rearranging some of the titles in an attempt 
to make the report as uniform as possible in the limited amount 
of time available for this purpose. No attempt ivas made to get 
lists of lines of work at institutions with which our inembers are 
not connected. 

It was thought best to report by states arranged alphabetically 
and omit the names of members. For future reports, if the mem¬ 
bers desire fuller statements on lines of work than those given 
herewith, they should communicate such desire to the Secretary. 

DOMINION OF CANADA. 

Ck.strvl Kxpeiumknt.u. F.moi. Oiiawa. 

V’ariety tests of apjih's, apricots. <-herries. tigs, mull)erries, pears, 
peaches, plums, quinces, grapes, blackberries, raspberries, straw¬ 
berries, currants, and gooselawries. 

Tests to determine individuality in apple trees. 

Pollination studies of apples, jiears. plums, and tdierries. 

Tests of close planting and pruning of apple trees—surplus tree.s 
to be removed when permanent trees require the space. 

Methods of pnining apple trees at the time of planting. 

Cover crops for ondiards. 

Determination of best stocks for apples and plums. 

Top grafting to determine influein-e on relative hardiness and time 
of bearing. 

Variety tests of asparagus, beans. Iwets, brocolli, Brussels sprouts, 
cauliflower, cabbage, cari-ot, celery, corn, cucumber, endive, egg¬ 
plant, kale, kohlrabi, lettuce, muskmelon. watermelon, onions, 
peas, peppers, parsley, pumpkins, potatoes, radish, pars¬ 
nip, rhubarb, salsify, spinach, squash, vegetable marrow, to¬ 
mato, turnip, and some others of minor importance including 
herlw and salads. 

Comparative results from vegetable seeds of same varieties from 
diflferent seed firms. 

Determination of the value of home grown seeds of peas, beaus, 
tomatoes, com, and melons in comparison with imported seeds. 
Methods of pruning and training tomatoes. 
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Determination of best date for planting potatoes of mature or im¬ 
mature seed of previous year. 

Determination of relative earliness of varieties of potatoes by dig¬ 
ging test. 

Determination of productiveness and quality of varieties of peas 
and beans. 

Determination of best distance apart to sow peas with seeder. 

Testing the effect of Farraogerm on crop of peas. 

Comparison of hotbed celery and cabbage plants—with and with¬ 
out the use of paper pots. 

Determination of best time to sow celeiy seed and transplant the 
plants. 

Comparing pruned and imiiruned melon plants. 

Test of ornamental plants including annuals, biennials, lierba- 
eeous perennials, trees, shrubs, and vines. 

Comparison of different kinds of trees and shrubs for hedge pur¬ 
poses. 

Determination of best methods of winter protection for roses. 

Fall versus spring j)lanting of sweet peas, also continuous cropping 
versus rotation of sweet pea crops. 

Determination of best distance apart for planting different annuals. 

Subirrigation of flower beds and borders. 

Comparison of borne grown versus imported seeds of ornamental 
plants. 

An effort to obtain hardy trees and slirubs by growing them from 
home-grown seed. 

Comparison of different kinds of timber trees in plantation of 
single and niix»^d species at different distances apart. 

Experiments in spraying with fungicides and insecticides on fruits 
and vegetables, ajid on ornamental plants. 

Breding w'ork with apples, pears, plums, cherries, grapes, goose¬ 
berries, raspberries, and strawberries, to obtain desirable va¬ 
rieties for different sections. 

l^lant breeding of beans, peas, potatoes, onions, corn, potatoes, and 
muskmelons for earliness, yield, and quality, and to study laws 
of heredity. 

Plant breeding of geraniums, sweet peas, columbine, poppies, and 
phlox to improve existing varieties to study laws of heredity. 

Greenhouse methods of culture of varieties of fruits, vegetables, 
flowers, ornamental trees, and shrubs; also the testing of differ¬ 
ent kinds of greenhouse lienches. 

Ontario Horticultural Exi*eriment Station, Vinelaud Stuiion ^ 

Variety tests of 164 apples, 124 pears, 150 peaches, 130 plum«^ 7 
quimos, 58 eberries, 138 grapes, 30 currants, 31 gooseberries, 
83 strawberries, and raspberries, blackberries, and aprkot;s> 

Fall versus spring plowing of various .cover crops in apple and Jiear 
(Urehards. 

Cultivation experiment with apples^ 
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Lime sulphur versus soluble sulphur for apple scab control. 

Thinning apples. 

Influence of various stocks on early bearing of Northern Spy apple. 

Winter versus summer pruning of apples. 

Spring versus fall planting of apples, pears and plums in dyna¬ 
mited and dug boles. 

Pollination tests of Northern Spy apple. 

Dwarf versus standard pear trees. 

Control of pear blight. 

Determination of varieties most successful in fertilizing the Duch¬ 
ess pear. 

JUecord of bliissoming dates of pears. 

Autumn versus spring planting of peaches. 

Peac'hes on peach roots versus plum roots in heavy clay soil. 

luoculatioTi experiments with little peach and peach yellows dis¬ 
eases. 

<’ansc and control of canker of peach and brown rot of plum. 

Testing storage (jualities of <‘ommercial varieties of peaches. 

Testing commercial value of nectarines in Ontario. 

Fall versus spring planting of cherries including comparative 
tests of heavy and light pruning at planting time. 

Testing Vintftra grapes on ('oncord roots and on resistant stocks. 

Comparative test of vanons grape pruning systems. 

Sxinjiner pruning versus disbudding of grapes. 

Correlation between nuniber of buds left and vigor, productive¬ 
ness and longevity of grape vines. 

('orrelation hetwt'en sizi- and weight of grape seed and germination 
and vigor of seedling grapes. 

Determination of best method of germinating grape seed. 

S<*lf fertility tests of all leading varieties of grapes. 

Vahu‘ of certain self-fertile varieties as pollenizers for self-sterile 
varieties of grapes. 

Detennination of stigar and acid content of leading varieties of 
grapes at various stages of maturity. 

Irrigation versus non-irrigation of strawberries and raspberries. 

Fertilizer experiment with strawberries. 

Shipping prtH'ooled strawberries to the Canadian West. 

Storage test of 17 varieties of strawberries. 

Improvement of strawberries by ranner selection. 

Testing strawberries for jam making. 

Tests of vdahilitj' of strawberry pollen. 

Hybridizing apples, pears, plums, peaches, cherries, strawberries, 
raspberries, blackberries, currants, gooseberries, tomatoes, cu¬ 
cumbers, and flowering plants. 

Growing seedling fruits and vegetables of which one or both pa¬ 
rents are known. 

The use of tents over trees as an aid in extensive pollination, and a 
study of temperatures inside and outside the tents. 

Stimulation tests with peaches, grapes, strawberries, and tomatoes 
to induce fertilization with other materials titan pollen. 
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Artificial methods of pollen germination. 

Asparagus variety tests. 

Irrigation versus non-irrigation of asparagus and onions. 
Irrigation versus non-irrigation and application of nitrate of soda 
to carrots, celery and early beets. 

Value of different varieties of peas for canning. 

Test of Mendel’s work with nine varieties of peas used by him. 
Northern versus southeni grown potatoes for seed. 

Hill selections of potatoes. 

Seed selection in beets, carrots, celery, melons, onions, peas, rhu¬ 
barb, tomatoes. 

Comparative yield of tomato plants from cross-bred versus opeu- 
pollinated seeds. 

Tests of premature pollinations in the tomato. 

Tests of length of time pistils of tomato remain receptive. 

Soil temperature test under irrigation. 

Department op Agriculture, Victoria, B. <J. 

Testing productiveness of different varities of fruits. 

Spraying to control apple scab. 

Cold storage of apples. 

Methods of irrigating, harvesting, curing and storing onions. 

Dominion Experiment.vl Farms, Kentvilh, .Y. S. 

Variety tests of apples, peaches, pears, and plums. 

Dwarf apples versus standards. 

Close versus wide planting of fruit trees. 

Intercropping of standards with small fruits and vegetables veraus 
plums and cherries for fillers between standards. 

Fertilizer experiments in the orchard. 

Small fruit tests including English gooseberries, American gooeu'- 
berries, currants, raspberries, blackberries and strawberries. 
Orchard spraying experiments with different fungicides and in¬ 
secticides for scab control. 

Home versus imported nursery stock. 

Variety tests with varieties of ornamental plants including flower¬ 
ing plants, trees, and shrubs. 

Experiments with filberts. 

Vegetable growing experiments and variety tests with all the dif¬ 
ferent vegetables. 

Potato culture experiments, and potato improvement work. 
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UNITED STATES DEPARTMENT OF AGRICULTURE. 

Office of Horticultural and Promological Investigations. 

Viticultural investigations—^Vinifera, American Euvitis and Mus¬ 
cadine grapes. 

Fruit production and adaptation. 

Nut culture investigations. 

Mississippi Valley hardy-fruit breeding. 

Fruit improvement through bud selection. 

Rosaceous-fruit breeding and domestication. 

Fruit history and classification. 

Fruit nomenclature. 

Fruit identification and variety collections. 

Fruit utilization investigations. 

Vegetable handling and storage investigations. 

Truck crop production. 

Truck crop fertilizers. 

Potato investigations. 

Adaptation of truck crops to organic soils (mucks and peats). 
Production of vegetable and flower seeds. 

Standardization of varieties of vegetables through selection. 
Improvement of vegetables through hybridization and domesti¬ 
cation. 

Irish potato investigations. 

Veg(ftable history and momenelature. 

Vegetable utilization investigations. 

Landscape gardening. 

Floriculture. 

Bulb growing. 

Northern (Jreat Pl.vin.‘< Fieijd St.vtion, Mandan, N. D. 

^’'ariety testing of fruits, vegetables, deciduous and evergreen trees, 
herbaceous perennials and other ornamentals. 

(,’ultural experiments with fruits and vegetables. 

Breeding to secure cold and drought resistant varieties of fruits, 
especially the native plum, choke cherry, pin cherry, sand 
cherry, June berry, high-bush cranberry, raspberry, grape 
Buffalo berry, currant, crataegus, and hazel nut. 

Plant breeding work with vegetables, ornamentals, and deciduous 
trees. 

Determination of the effects which influence hardiness by use of 
hardy, semi-tender, and tender varieties of apples on hardy 
and tender roots of apples, and by cultural treatment of plums, 
deciduous trees, shrubs, and perennials. 

Co-operative shelter belt development. 
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Field Wobk at Wenatchee, Washington. 


luvestigstions and control of powdery mildew, bitter pit (Baldwin 
spot), Jonathan spot, and stigmanose of ^ples. 

Stigmanose of plums. 

Drought injury to fruits. 

Orchard tests of commercial fungicides. 


Field Work at Vancouver, Washington. 

Investigations of pear scab and brown rot of prunes and compara¬ 
tive efficiency of dust and liquid sprays to control these diseases. 
Orchard tests of commercial fungicides. 

FiEiiD Work at Salem, Oregon. 

Investigations of brown rot of cherries. 

Orchard tests of commercial fungicides. 

ALABAMA. 

Alabama Polytechnic Institute, Auburn. 

Study of varieties of peaches. 

Sommer pruning versus winter pruning of peaches. 

Peach budding. 

Propagation and cultivation of varieties of pecans. 

Spra3dng experiments with fruits and nuts. 

Testing varieties of grapes to discover which ones are best adapted 
to southern conditions. 

Study of the Smyrna fig for possible introduction later. 
Experiments with sweet orange, Satsuma orange, other citrous 
fruits, sweet potato, tomato, pepper, and egg plant. 


ABKANSAS. 

University of Arkansas, Fayetteville. 

Xenia in apples. 

Sterility and fertility of varieties of apples. 

Grape variety tMt of 143 varieties. 

Strawberry variety test of 17 varieties. 

Irish potato variety tart of 70 varieties. 

Demonstration work consists of pruning, spraying, fertilizing, cul¬ 
tivation, packing, and grading of fruits. 
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CALIPOENIA. 

University Caufobnia, Berkeley . 

A study of the factors influencing seed formation in citnw fruits. 

A study of date seedlings of known parentage reared from cross* 
pollinated seed. 

A study of the pomeg^ate industry in California. 

A study of the conditions under which citrus fruits are produced 
in northern California. 

Investigation of the cause of so-called “June drop” of Naval 
oranges. 

The avocado in California. 

Variation in oil content of immature and mature avocados of a 
single variety. 

The process of ripening avocados. 

S 5 'stematic pomology of the table figs grown in California. 

A study of Capri figs and commercial caprification in California. 

An investigation of the efficacy of present methods in the dried 
fig industry of California. 

Correspondence course in fig culture, date culture, citrus and 
other semi-tropical fruit culture. 

Improvement of hearing of grape varieties by selection. 

Tests of new or little known varieties of grapes. 

Resistant stocks for California grapes. 

Transmissability of degree of permanence of vegetative variations 
of the grape. 

Relation of degree of maturity of grapes to quantity and quality 
of raisins. 

Resistant stocks for raisin varieties. 

Wine grapes for the San Joaquin Valley. 

Varieties and methods suitable for grape growing in Imperial 
Valley. 

Amounts of wine and by-products yielded by grapes in California. 

Improvements of methods of preparing unfermented grape juice. 

•Standards of composition of California grapes and wine. 

Preparation of collection of olive trees at Davis, Kearney and 
Imperial, and of specimens at Berkeley. 

Improvements in methods of picking olives. 

Collection of data to aid in the establishment of standards for 
wine, raisin and shipping grapes. 

Cost of manufacturing olive oil and pickles in California. 

A study of methods of making glac6 fruits. 

Unfermented orange juice. 

Unfermented lemon juice. ^ ^ 

Methods of preparing various fruit juices. 

Citrus by-products. 

Effect of cross pollination on Muscat in vineyard. 

A study of the rooting habit of grape vines under irrigation in the 
differmit soil types in Imperial Valley. 
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Seasonal activities of grape varieties. 

Comparison of the effects of long and short pruning on varieties 
which are commonly pruned both ways. 

Relation of the number of vines per acre to the quantity and 
quality of the crop. 

Relative fruitfulness of canes originating on 2-year-old wood (fruit 
canes) and canes originating on older wood (spurs and suckers). 

Effects of summer pruning on the quantity and quality of the crop 
on the vigor of the vines. 

Best arrangement and pruning of vines in Muscat vineyard. 

Raisins as a feed for swine. 

Relation of Oidium to the keeping qualities of shipping grapes. 

Demonstration of methods of growing raisin grapes. 

Table grapes for the San Joaquin Valley. 

Irrigation of vineyards. 

Walnut mutant investigations. 

Cross breeding peaches. 

Tobacco investigations. 

Potato improvement. 

Citrus Experiment Station, Riverside, 

The effect of different stocks on commercial species and varieties 
of citrus. 

Study of the comparative infectiousness of the crown gall organism 
{Bacterium tumefaciens), with special reference to finding re¬ 
sistant forms of Prunus suitable as a root stock for the vari¬ 
ous stone fruits. 

Lemon decay fungi, with special reference to their control by 
wash water disinfection. 

Black pit of lemons. 

Investigations as to the causes, manner of development, and treat¬ 
ment of gum diseases of citrus and other fruit trees. 

Some studies on mottling of citrus trees. 

The nematode problem on citrus trees. 

A study of the relative influence of different factors on the com¬ 
position of certain fruits and nuts. 

The breeding and improvement of citrus fruits. 

The origin, nature and inheritance of apparent mutations in cer¬ 
tain plants. 

A study of the chemical and physical effects of nitrate of soda on 
citrus soils. 

Experiment in the management of old groves. 

A study of the fumigation process with special reference to the 
chemical problems involved. 

Spraying for insect pests on citrus and olive trees. 

A comparative study of Coccus Citricola Campb. and Coccus hes- 
peridim, Linn. 

The dispersion of scale insects by wind. 
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Injection of cyanide salts in citrus trees for control of scale insecta, 
and of blackleaf 40 in walnut trees for the control of the wal¬ 
nut aphis. 

The use of the fungus Isana in controlling the black scale. 

Survey of situation of the citrus products and by-products indus¬ 
tries in Southern California. 

Walnut breeding investigations. 

Walnut root stock investigations. 

A physiological study of the effect of pruning upon the groivth and 
productiveness of citrus trees and other horticultural plants 
grown under irrigation in arid regions of Southern California. 

A study of amraonification and nitrification in the soils of South¬ 
ern California with special reference to the fertilizer plots of 
the Citrus Experiment Station. 

The control of lemon decay fungi by wash water. 

Walnut blight, investigations for control. 

Fixation of nitrogen by, and nitrification of, legumes. 

University Farm, Davis, 

Almond culture. 

Pecan culture. 

Pollination of Domrsiica and Trifoliata plums under California 
conditions. 

Planting distances for deciduous orchard trees. 

Student laboratory plantings—^A study of fruit tree stocks, pruning 
and planting methods. 

The training and pruning of deciduous orchard trees. 

Apricot pruning. 

Irrigation of orchards and small fruits. 

Orchard soils investigations (tests of mulches for orchard trees). 

Orchard soils investigations (effect of tillage practices on soil mois¬ 
ture content and growth of trees). 

l^ollination studies. 

Pruit-bud formation. 

Nature and causes of growth periodicity in fruit trees. 

Relation of growth stimuli to fruitfulness and quality of product 
in orchard trees. 

Orchard management. 

CONNECTICUT. 

Experiment Station, New Haven, 

Experiments in growing early tomato plants. 

Experiments on the value of various methods of Rowing and stor¬ 
ing seed potatoes as aids in maintaining the vigor of the stock 
where they are grown for a number of consecutive years in this 
State. 

Variety test of lettuce adapted to summer culture. 

Cultural experiments with Chinese cabbage. 

Cultural experiments with witloof chicory. 

Spraying and seed treatment as means of controlling celery blight. 
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DELAWARE. 

Delaware College, Newark, 

Role of potash, phosphoric acid and nitrogen in growing peaches. 

Role of potash, phosphoric acid and nitrogen in growing apples. 

Testing varieties of apples, pears, peaches, plums, grapes, cherries, 
and hush fruits. 

Heredity studies on peaches. 

Use of nitrate of soda as a top dressing for peach and apple or¬ 
chards 

Central leader versus open head pruning for apples. 

Rooting of apple tree cuttings. 

Cytology of peach fertilization and the influence of over-dose of 
phosphoric acid upon fertilization of the embryo. 

Study of plant food requirements of the tomato. 

Comparative test of early varieties of tomatoes. 

Comparative test of late varieties of tomatoes for canning purposes. 

Heredity studies of Volga cabbage. 

Comparative variety tests of pole lime beans. 

Comparative variety tests of bush lime beans. 

Demonstration work in pruning young peach orchards, from first 
to third year; use of nitrate of soda on peach treesj thinning 
peaches; dusting strawberries with sulphur and arsenate of 
lead for control of strawberry weevil; spraying tomatoes for 
septoria leaf spot; spraying cant el opes for lice. 

FLORIDA. 

University op Florida, Gainesville. 

Effects of various chemicals on the growth of citrus trees and upon 
citrus fruits. 

Study of diseases of insects of citrus fruits and control of same. 

Study of diseases and insects of truck crops. 

Study of mangoes and avocadoes, and of new varieties of horticul¬ 
tural plants. 

GEORGIA. 

University op Georgia, Athens. 

Variety testing of apples, peaches, and citranges. 

Fertilizer tests on apples. 

Management of a large pecan orchard as a commercial proposition. 

Study of rosette of the pecan. 

Experimental work with cantaloupes, particularly of spraying. 

Organization of the cantaloupe and watermelon growers. 

Study of ornamentals adapted to Georgia conditions. 

Work with tomatoes in the commercial districts in testing fertiliz¬ 
ers, etc. 

Demonstrations in home orchard, home garden, and landscape gar¬ 
den work. 

Experiment in experimental evolution. 
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Georgia Experiment Station, Experiment, 

A study of color inheritance, and causes of sterility in Vitis ro- 
tundifolia. 

A study of the two groups of varieties of the Hicoria pecan and 
their relation to self-sterility and parthenogenesis. 

Influence of certain fertilizers on quality, texture, and keeping, 
quality of sweet potatoes. 

Breeding a strain of tomatoes resistant to blossom end rot. 

A study of the transmission of characters resulting from crosses 
between collard and cabbage. 

To determine number of applications of sprays, etc., to control early 
blight on Irish potatoes. 

The effect of crown gall on apple trees after several years of growth. 

ILLINOIS. 

University of IiiLiNOis, Vrbana, 

Lettuce breeding studies. 

Soil mixtures for greenhouse lettuce and tomatoes. 

Tomato selection for Fusarium resistance. 

Fertilizer experiments with potatoes, melons, and sweet potatoes. 

Sweet potato selection tests. 

INDIANA. 

Purdue University, Lafayette, 

Oomparisou of the effects of different methods of orchard manage¬ 
ment on the rate of growth, earliness of bearing, yield, and 
size of fruit; and investigations of the chemical, physical, and 
biological changes in the soil. This includes several methods 
of mulching, clean culture, and cover cropping. 

Meteorological and climatological records, and correlation of some 
soil changes and tree behavior. 

Studies on morphology and physiology of trees. 

Sudies of the soil conditions as they exist and the effect of changes 
in cultural methods of these conditions. 

Studies to determine the reasons for the soil changes and for the 
observed reactions of the trees to such changes as are found. 

Chemical analysis of the soil in experimental plots. 

Bacteriological investigations of the soil in experimental plots. 

Soil aeration studies. 

Absorption study. 

Cover crop investigations. 

Rejuvenating old orchards. 

Pruning young apple trees. 

Peach tree spraying. 

Strawberry culture systems. 

Bush fruit investigations. 

Phenological observation. 

Cucumber disease control. 

Head lettuce investigations. 
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IOWA. 

Iowa State College, Ames, 

Apple breeding. 

Cold storage for Iowa apples. 

Orchard management. 

Orchard heating. 

Variety studies. 

Orchard stocks investigations. 

Orchard humus investigations. 

Orchard fertilizer investigations. 

Spraying apple orchards. 

Control of blister canker of apple. 

Crown gall study. 

Fruit survey of Ames. 

Vineyard investigations. 

Cooperative marketing of deciduous fruits. 

Cooperative fruit crop reporting with United States Weather Bu¬ 
reau. 

Potato and sweet corn investigations. 

Irrigation of truck crops. 

Downey mildew of lettuce. 

Cabbage yellows. 

Study of ornamentals and their use in farmstead planting. 

Carnation breeding. 

Demonstration work:—spring pruning and spraying; summer 
spraying; planting and topworking hardy apples; listing 
apple growers and buyers for college clearing house; collecting 
1916 crop results; advice on the grounds for farmsteads, parks, 
consolidated schools or other public projects; potato growing; 
boys' potato clubs; clearing house for sale of potatoes in car 
lots; truck-crop service; control of pests of vine crops and 
onions; diseases of cabbage; home gardens on farms and in 
towns; boys and girls garden club work; farmers’ institutes; 
short courses, lectures, bulletins, correspondence. 

MAINE. 

Umversity of Maine, Or mo. 

Variety testing of apples and small fruits. 

Eelation of scion over stock in apples. 

Hybridizing work with and study of self pollination of self ster¬ 
ility in apples. 


MARYLAND. 

Maryland State College, College Park, 

A test of trellis and training systems for grapes. 

A test of Vinifera grapes under Maryland conditions. 
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Grafting the Delaware grape on various stocks. 

Grape breeding, with reference to the inheritance of characters in 
hybrids between varieties of the labrusca, vinifera, estivalis, and 
riparia species. 

Testing new varieties of strawberries. 

Methods of growing the strawberry crop. 

Variety tests of bush fruits. 

Test of quince varieties. 

Production of apple stocks by cuttings. 

Variety test of apples. 

Apple breeding. 

Pear breeding. 

Variety tests of hardy types of pecans and Persian walnuts. 

Collection of phenological data of stone fruits. 

Variety tests of stone finiits. 

The effect of dynamite blown holes upon the growth of peach trees. 

Relative tardiness of the different races of the peach. 

The effect of fertilizers and cultivation upon the hardiness of the 
peach. 

Geranium breeding. 

A study of reproductive processes in Diospyrus virginiana. 

A study of reproductive processes in Asimina triloba. 

The effect of fertilizers on plant variations. 

Seed saving for adaptation, disease resistance, etc. 

Location of seed pods on ten weeks stock (Mathiola Icana Annua) 
as related to the doubling of the flowers. 

Improvement of the McCormick potato by hill selection and other¬ 
wise. 

What amount of fertilizers and manures it is necessary to apple to 
keep soil fertile for truck crops. 

Testing vegetable novelties. 

Stable manure, rotted and fresh, versus commercial fertilizers for 
truck crops. 

Best method of using crimson clover when sown as a fertilizer for 
tomatoes. 

Permanent plots of sweet potatoes. 

Inheritance of the climbing habit in lima beans. 

Hand versus natural pollination of greenhouse tomatoes and its 
relation to the yields of varieties. 

The improvement of tomatoes for canning purposes. 

Fertilizer requirements of asparagus. 

The effect of continual selection of different size potato tubers for 
seed. 

The yield of tomatoes as affected by varying percentages of nitro¬ 
gen in fertilizers. 

Biochemical and physiological studies on the rest period of potato 
tubers. 

Metabolic changes in tubers during sprouting. 

Laws and mechanism of inhibition and correlations in the growth 
of buds on potato tubers. 
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A chemical and physiological study of ‘‘spindling sprout*^ disease 
of the potato tuber. 

Changes in the Irish potato tuber during storage. 

Metabolism of storage organs in poor ventilation, with especial 
reference to the effect on carbohydrate transformations. 
Breeding tomatoes resistant to Fusarium wilt. 

Life history of Sepioria lycopersici and its relation to the tomato 
blight. 

The brown rot of fruits and the Sclerotinia causing it, with special 
reference to the blossom blight. 

MASSACHUSETTS. 

Massachusetts Agricultural College, Amherst, 

Studies in plant breeding:—^inheritance of pigmentation in garden 
beans; isolation of pure races in squashes; correlation of seed 
weight and vine length in peas; effi^ct of selection within the 
pure line in peas. 

The interrelation of root and scion in apples. 

The climatology of fruits:—effect of local climate on varieties; re¬ 
lation of topography to winter killing of fruit buds in peaches. 
Pruning experiment with apples with especial reference to head 
formation. 

The effect of cover crops on growth and i)rodu(5tion in apples. 
Tests of varieties of fruits. 

Experiments in the intcfiisive planting of fruits. 

Tests of spray materials and methods. 

Tests of fertilizer in the orchard. 

The behavior of apples in cold storage. 

Demonstration in fifteen orchards which have been set since 1910. 
Demonstration of the manufacture of orchard by-products. 
Lectures and demonstrations at extension schools. 

A special extension school in pomology. 

A pruning, spraying, and apple grading and packing campaign. 

An apple packing school held at the College each fall. 

A state-wide campaign for the observation of a national apple day. 
Monthly letters to county agricultural agents. 

Occasional letters to demonstration orchard owners. 

Springfield,- Hampden County. 

Demonstration work in,— 

Encouraging cooperative buying and selling associations. 

Orchard cultivation and cropping. 

Planting fruit trees. 

Use of nitrogenous fertilizers and cover crops. 

Thinning fruit. 

Spraying fruits and vegetables. 

Market gardening. 

Vegetable gardens for the farm home and factory-worker home. 
Apple club work for boys and girls. 

Method of care of woodlot and shade trees. 
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MICHIGAN. 

Agricultural College, East Lansing. 

Apple propagation. 

Topworking Northern Spy on early bearing varieties. 

Apple variations. 

Thinning apples and plums. 

Bud selection and performance records of apples and grapes. 

Stocks for sour cherries and plums. 

Orchard fertilizers. 

Orchard heating experiments. 

Investigations of the critical temperatures of fruits. 

Studies of reciprocal influence of stock and scion of ligneous and 
iierbacious plants 

Storage experiments—at low temperatures. 

Testing European varieties of grapes. 

Grape spraying experiments. 

Fruit and flower breeding investigations. 

Inheritance studies of small fruit crosses. 

Control of peach borer and leaf curl. 

Raspberry anthracnose controL 
Testing spraying materials. 

(Comparison of dust and liquid sprays. 

Potato spraying experiments. 

Potato fertilizer experiments. 

Asparagus and rhubarb selection. 

Asparagus storage. 

Forcing whitlock chicory. 


MINNESOTA. 

University of Minnesota, St. Paul. 

Pruning the apple. 

Cider and vinegar making qualities of Minnesota apples. 

Blueberry studies. 

Nut culture. 

Determination of the value of certain plants for hedges. 

Studies in sterility in grape, strawberry, and plum. 

Study of the inheritance of fruit characters. 

Bree^ng for hardiness in fruits. 

Study of relation between structure and hardiness in the plum. 
Cooperative orchard management experiments. 

Variety tests of fruits. 

Breeding and selection of bean, cucumber, lettuce, melon, onion, 
pea, squadi, and tomato. 

Potato investigations in hill selection, the testing of vatietiea and 
seedlings, and in maintaining yield. 

Tests of hardiness and uses of ornamental annuals, perennials, 
trees, and shrubs and hardy plants. 
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MISSOURI. 

University of Missouri, Columbia, 

A study of the factors influencing the rest period of horticultural 
plants. 

Orchard and strawberry nutrition. 

The self-fertility and self-sterility of fruits. 

Peach breeding for hardy sorts. 

Bud selection from high yieldijig parents of apples and straw¬ 
berries. 

Spraying fruits for insect and fungous diseases. 

Orchard heating (for protection in years when spring frosts occur). 

Examination of fruit buds in winter for forecasting probable bloom. 

Treatment of apple canker diseases. 

Season of transplanting and its relation to the growth and de¬ 
velopment of fruit trees. 

Orchard tillage. 

Fruit bud development as influenced by treatment and previous 
crops. 

Seed potato investigations. 

Methods of hardening off plants to tit them for transplanting. 

Cooperative Demonstration Work:’—Renovation pruning of neg¬ 
lected orchards; Maintenance pruning of well managed or¬ 
chards; Pruning and shaping of young orchard trees; Spray¬ 
ing orchards for insect and fungous diseases; Methods of prun¬ 
ing types and species of grapes in various fruit soils; Spray¬ 
ing grapes; Orchard soil management; Grading and packing 
various types and varieties of apples for market. 

The Missouri Botanical Garden, 8t, Louis. 

Breeding of primroses. 

Experimental work with hardwood cuttings. 

Ramming of trees. 

Electrification of plants outdoors through the medium of a specially 
designed apparatus. 

Nutrition of greenhouse plants with CO,. 

MONTANA. 

University of Montana, Bozeman. 

Tests of tree fruits. 

Thinning experiments with apples. 

Pruning experiments with fruit trees. 

Orchard cultural tests. 

Variety tests of small fruits. 

Tests of ornamental trees and shrubs. 

A study of tree injury caused by abnormal food supply. (In eo- 
operation with the Department of Chemistry.) 
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Variety tests of vegetables. 

Storage tests with cabbage. 

A study of factors which tend to induce premature seeding of celery. 
Seed sdection work with tomatoes, 

A comparison of straw mulch and cultivation in dry land gardening. 
Variety tests with potatoes. 

Thinning experiments with potatoes. 

Tests of distances of planting potatoes. 

Mulching experiments with potatoes. 

Seed selection work with potatoes. 

Variety tests with potatoes. 

Methods of potato cultun». 

Straw mulch for potatoes. 

NEW HAMPSHIRE. 

New Hampshire CoiiLEGE op Agriculture, Durham, 

Fruit bud formation. 

Variety test of apples. 

Vari(4y test of small fruits. 

Study of the status of the blueberry industry- in the state. 
Inheritance of color iii carnations. 

Adaptation of varieties of tomatoes to New Hampshire conditions. 
Variety test of tomatoes for forcing in the greenhouse. 

Menclelian inheritance in squashes. 

Ext(’nsion projects in orchard renovation, cultural methods, prun¬ 
ing and thinning fruit, carc^ of young orchards, and cover crops. 

NEW JERSEY. 

Rutgers ('College, New Brunswick, 

Plant breeding:— hcridity, to study true reciprocals for determining 
tiu' effect of the direction of the breeding of beans, com, egg¬ 
plants, squashes, peppers, and tomatoes; environment^ to de¬ 
termine where in the pod the beat seeds of peas and beans for 
planting are found; toxicology, the relation that may exist be¬ 
tween certain injuries to plants and the constituents of arti¬ 
ficial soils. 

Fertilizer, cover crop, spl'aying, and borer control experiments with 
peaches. 

Classification of peaches. 

Pruning exx>eriments with peaches, apples, and pears. 

Variety tests with peaches, apples, pears, plums, strawberries, and 
bush fruits. 

Dynamiting experiments with peaches, apples, and pears, 
plant studies with strawberries. 

Soil and fertilizer studies with roses, carnations, and gardenias. 
Variety tests with roses and carnations. 

Effect of type of bench construction upon the growth of carnations. 
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Factors affecting the splitting of the calyxes of carnations. 

Breeding work with j)eaches and carnations. 

Strain studies with beets and radishes. 

Effect of heridity and environment upon the floral parts of the 
tomato. 

Demonstration work in apple and peach orchard management; 
spraying of peaches and apples for production of perfect fruit; 
the pruning of fniit trees; renovation of old or neglected orch¬ 
ards; top-working of apples and peaches; picking of fruit at 
proper stage of maturity; mixing and applying a mixture of hy¬ 
drated lime, sulphur and glue as a substitute summer spray for 
self-boiled lime-sulphur; fruit survey work in certain impor¬ 
tant fruit centers; packing of peaches in Georgia carriers; ex¬ 
periments in control of borers in i.)each trees by use of sodium 
cyanide and ammonium sulphate; test of rust resistant aspara¬ 
gus roots; test of disease resistant cabbage; cultiin' and si)ray- 
ing methods with cantaloupes; soil sanitation and spraying with 
bordeaux for the control of celery diseases; cultural methods 
with horseradish; use of lime upon vegetables; sowing of parsnip, 
spinach and carrot seeds in winter; onion mi^got control; com 
'ear worm control on sweet corn; soil sanitation and seed selec¬ 
tion with sweet potatoes; special strains of tomatoes; methods of 
propagating tomato plants. 

NEW YORK. 

(Cornell TJniveesity, Ithaca, 

Osmotic relationship and insipient drying in fruit trees. 

Herediness studies in peach, plum, persimmon, and Persian walnut. 

Relative hardiness studies of the roots of different fruit plants in¬ 
cluding blackberry, raspberry, gooseberry and currant. 

Bush fruit fertilizer experiment. 

Fruit tree shaping experiment to study effect on yield. 

Study of color in fruits. 

Study of the causes of June drop” of fruit trees. 

Study of the effect of thinning fruit on the behavior of individual 
fruit spurs. 

Study of history, evolution and botany of flowers and decorative 
plants. 

Study of varieties of peonies. 

Study of sweet peas both under'glass and in the open. 

Study of the gladiolus. 

Testing varieties of roses for hardiness, etc. 

Experiments with phlox, iris, aquilegia, primula, orchid, and hardy 
varieties of chrysanthemum. 

Extension work is done by means of demonstrations in orchard op¬ 
erations, in thinning, grading and packing fruit; by lectures on 
fruit culture and garden flowers; by educational exhibits at 
stete and county fairs; by correspondence course, demonstra-^ 
tion schools and winter short course. 
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Methods of keeping flowers. 

The effect of ether on bulbs and hhrdy plants. 

The fertilizer requirements of the tomato, by yield and greenhouse 
tests. 

A study of space requirements and of varieties of tomatoes. 

Training and pruning the tomato. 

A taxonomic study of the varieties and strains of celery, tomato, 
and beans. 

A study of methods of training greenhouse cucumbers as influenc¬ 
ing earliness and yield. 

Cooperative experiments to show the best method of supplying ni¬ 
trogen to muck land crops. 

Demonstration trials to indicate the best methods of fertilizing the 
crop of late cabbage. 


Exi'ERIMENT Station, Geneva . 
Variety testing—number of varieties as follows: 


apples. 


apricots. 

.40 

black raspberries.. 

23 

pears . 

.175 

nectarines.. 

..33 

purple raspberries 

5 

quinces. 

_ 19 

gooseberries..., 

.74 

yellow raspberries. 

1 

plums. 

.279 

currants. 

..35 

dewberries. 

8 

cherries. 

....110 

blackberries ..., 

,.40 

grapes.390 

peaches. 

....373 

red raspberries . 

.29 

strawberries. 

69 


Fruit breeding—number of seedlings now growing 3200 apples, 
1500 pears, 150 plums, 500 grapes, 300 raspberries (selected 
from about 1500), and 700 strawberries. 

Rose and orchid breeding, to study color inheritance. 

Apple fertilization at the experiment station and throughout the 
state. 

Tillage experiments and cost of growing apples. 

Bud selection in apples and Auolets, 

Heavy versus light pruning and high versus low heading with 
apple, pear, plum, peach and cherry, and tests of various drei^ 
ings for pruning wounds. 

Tomato breeding-inheritance of inflorescense of English types. 

Cabbage—the relative value of selfed and open pollinated seed. 

Bean—plant selection, and studies with the Bed Kidney and pea 
varieties. 

Garden peas—plant selection and problems with one or more va¬ 
rieties. 

Culture of unusual vegetables as French artichoke, chicory, and 
sea kale. 

Vineyard Laboratory, Fredtmia. 

Experiments with commercial fertilizer, stable manure, lime, and 
green manure, on grapes. 

Pruning and training varieties of grapes. 

Besistant stock experiments with different varieties of grapes on 
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Biparia gloire, Bupestris St. George^ Clinton, and on own roots. 

The use of 300 varieties of grapes for breeding and variety testing. 

Testing grape seedlings in breeding work. 

Study of temperature and water requirements of varieties of grapes. 

Testing of Vinifera varieties of grapes. 

NORTH CAROLINA. 

State Board op Agriculture, Bdleigh. 

Commercial culture of pecans and variety testing for different 
sections of the stale. 

Pecan breeding to originate new varieties for the northern portion 
of the pecan area. 

The culture of Persian walnuts, filberts, almonds, and Japanese 
walnuts. 

Commercial culture of summer apple.s in the coastal region of the 
state. 

Methods of culture, propaganda, and fertilization of Muscadine 
grapes and experiments to produce better varieties. 

Behavior of varieties of the various fruits under different soil and 
climatic conditions. 

Culture methods for commercial peach production. 

Peach breeding to produce new varieties best suited to the coastal 
region of the South. 

History of all varieties of fruits originating in the state. 

Demonstration of best metho<ls of orchard management through¬ 
out the fruit regions of the state. 

A study of the wild fruits of the state. 

An investigation of thermal belts or frostless zones. 

Variety testing of sweet potatoes. 

Sweet potato storage experiments. 

Irish potato seed production and its relation to northern and south¬ 
ern grown tubers. 

Experiments in commercial strawberry culture. 

The breeding of new varieties of strawberry^ for the South. 

Control of wilt disease of lettuce. 

Experiment Station, West Bdleigh. 

Hybridizing of rotundifolia grapes with other species. 

Heridity in rotundifolia grapes.* 

NORTH DAKOTA. 

North Dakota Agricultural College, Agricultural College. 

Variety test of apples. 

Variety test of small fruits. 

Variety test of potatoes and use of immature potato seed. 

Comparative trials of various commercial strains of so-called ‘‘ped¬ 
igree^’ strawberries. 
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Tomato breeding to secure an early, meaty tomato. 

Variety testing of vegetables, particularly sweet corn, onions, cab¬ 
bage, cauliflower, and celery. 

Culture experiments of tomatoes, cauliflower, and celery; also a 
fall seeding experiment of early hardy vegetables. 

A model farm vegetable garden adapted to the conditions and needs 
of North Dakota farm homes. 

Variety tests of asparagus and culture trial of the Martha Wash¬ 
ington variety on depth of planting, age of crowns, manuring, 
mulching, varying lengths of cutting season, and comparison of 
male and female plants with regard to season, quality, and 
total yield. 

Tests of annual and perennial flowers, shrubs, and trees for orna¬ 
mental puri)oses. 

Extension work in fruit growing, vegetable gardening, and land¬ 
scape gardening. 

OHIO. 

Agricultural Experiment Station, Wooster. 

Variety testing as follows: 400 apples; 200 peaches; 100 plums; 75 
cherries; 100 grapes; 60 currants; 25 gooseberries; 300 straw¬ 
berries. 

Apple breeding for disease resistance and to study standard va¬ 
rieties as pollenizers for each other. 

Pruning young apple trees to determine the effects of different 
kinds and times of pruning on rapidity of growth, vigor of 
tree, time of coming into bearing and yield of fruit. 

Orchard culture of apples. 

Fertilization of apple and peach orchards. 

Collecting and testing all seedling apples of the state which show 
promise of superior value. 

Testing the value of apples as fillers in intensive orcharding, 

A study of the rapidity and manner of healing of pruning wounds. 

Storage studies of apples and grapes. 

A test of the use of sawdust and pomace for mulch. 

Testing the effect of delayed application of dormant spray. 

Greenhouse soil treatment. 

Head lettuce breeding for disease resistance. 

Early cabbage variety tests. 

Breeding cabbage for wilt resistance. 

Potato variety test. 

Chinese cabbage improvement by selection and crossing for garden, 
cold frame and greenhouse conditions. 

Variety test of tomatoes pruned to single stem and staked. 

Test of crosses of tomato Fj generation under greenhouse conditions. 

Planting large and small asparagus plants to determine the effect 
upon yield. 

Commercial fertilizers for greenhouse use. 

Spinach, endive, cress, beans, kohl-rabi, Chinese cabbage, etc., in 
greenhouse for early fall crop. 
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Cold storage tests of greenhouse and field grown vegetables. 

Testing sun-sprouting, greening, change of seed and size of Irish 
potato seed as affecting the yield; also the production of higli 
grade seed potatoes. 

A soil test, including manure and chemical fertilizers upon county 
farms. 

A comparison of fei*tilizers with cover crops as to value in soil 
improvement. 

Ohio State University, Columhus, 

Demonstrations,—all-year demonstrations in pruning, spraying, 
fertilizing, thinning, grading and packing in 40 orchards. Also 
150 other pruning and spraying demonstrations. 

Illustrated lectures and practical work in landscape gardening for 
homes and rural schools. 

PENNSYLVANIA. 

Pennsylvania State College, State College, 

Influence of fertilization on growth, yield, and commercial quality 
in apples and peaches. 

Influence of cultural methods on growth, yield and commercial 
quality in apples. 

Influence of cover crops on growth, yield, and commercial quality 
in apples. 

Influence of scion-selection on the same characters. 

Relative value of certain stocks for use in top grafting. 

Fertilizer injury to fruit trees and its control. 

With asparagus:—variety testing; influence of size of crown; ap- 
plyiubg manure and commercial fertilizer at time of planting; 
relation of size of seed to vigor of plants; relative value of seed 
from different portions of the plant; growing for profit on land 
fertility suitable for the production of general farm crops. 

With cabbage:—variety testing of early and late varieties; influ¬ 
ence of size of seed; relation of seed selection to earliness of 
yield and uniformity of type; study of root development of 
seedlings as influenced by culture and environment previous to 
final transplanting and the effect on the crop; fertilizer re¬ 
quirements ; breeding late varieties; combating club root. 

With Tomatoes:—^variety testing; influence of seed selection; a 
Mendelian and statistical study of inheritance; fertilizer re- 
quiremnts. 

RHODE ISLAND. 

Rhode Island State College, Kingston. 

Use of muck, green manures and chemical fertilizer as substitutes 
for stable manure in growing vegetables. 

Rotation of vegetable crops. 

Surface irrigation as affecting various soil treatments. 
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TEXAS. 

Agricultural and Mechanical College op Texas, CMege Staium. 
Studies of crown gall. 

Breeding work with dewberries, blackberries and raspberries. 
Introduction of horticultural plants. 

Peach breeding and the introduction of long-lived peach stock. 
Variety tests on citrus fruits and methods of production from 
frosts. 

A variety test on pecans. 

Investigation of best pecan seed for producing stocks and the 
effect of these stocks on four standard varieties. 

Variety testing of pecans and Persian walnuts. 

Topworking pecans on pecan and hickory stocks. 

Demonstration work in planting home gardens and home orchards, 
, rejuvenating apple, peach and pear orchards; gardening and 
marketing of fruit; control of sweet potato and tomato dis¬ 
eases. 

VERMONT. 

UNivij:BSiTy OP Vermont, Burlington. 

The aerial fertilization of plants with carbon dioxide. 

The control of quantity and quality in Hubbard squash. 

Causes and remedies of self-sterility in strawberries. 

Mutual influence of stock and scion in cherry grafting. 

VIRGINIA. 

TIniversity op Virginia. Blacksburg. 

Breeding late blooming varieties of apples. 

Commercial value of dwarf apples. 

Variety studies of tree fniits. 

Soil nianugement, fertilization, and spraying experiments with 
apples. 

Effects of soil environment on fruit bud formation. 

Effects of i)runing on fruit bud formation. 

Resistance of tomato varieties to blight. 


Virginia Truck Experiment Station, Norfolk. 

Truck crop cultural investigations. 

Strain and variety tests of cabbage, potatoes, and other vegetables. 

Sweet potato investigations, including cultural methods, seed stor¬ 
age problems and improvements of strains by selectiim- 

Fertilizers and soil requirements for various vegetables. 

Effect of continued application of various fertilizer ingredients 
and combinatiops on crop production, and their residual effects 
upon the soil. 

Peanut rotation. 
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Cover crop and truck crop rotations. 

Sweet potato breeding and improvement. 

Sweet potato storage. 

Cultural experiments with onions. 

Tomato breeding and variety work, cultural experiments. 

Egg Plant breeding and cultural experiments. 

Cultural experiments with peppers. 

Control of diseases of spinach, sweet potatoes (in hotbed, field and 
storage house), Irish potatoes, egg plant (including breeding 
for wilt resistance), cucumbers in cold frame, head lettuce, lima 
bean, watermelon, muskmelon, and peanut (with reference to 
varietal resistance). 

Plant disease survey of Eastern Virginia. 

Control of clover crown-rot caused by Sclerotinia trifoUorum, 

WASHINGTON. 

State College, Pullman. 

Self-sterility and cross pollination of apples, pears and cherries. 

MendePs law in relation to blackberry and raspberry hybrids. 

Winter injury to fruit trees. 

Soil-moisture in the orchard in its relation to the keeping quality 
of apples. 

Orchard cover crops. 

Renovation of prune orchards in Clarke county. 

Frost injury to tender plants and tree blossoms. 

Shade and ornamental trees 

Ornamental shrubs and vines. 

Variety testing of garden vegetables. 

WEST VIRGINIA. 

University op West Virginia, Morgantwvn. 

Pollination of the apple to study self-sterility in certain varieties. 

Physiological effect of pruning apple and peach trees in varying 
amounts at various seasons. Metabolism of the apple has been 
carefully studied in this connection. 

Physiological effect of pruning cherry, plum, pear, and quince 
tifees. 

Apple orchard culture experiments. 

Effect of thinning fruit on annual bearing of apples. 

Fertilizer for apple and peach trees of different ages. 

Variety test of tree fruits. 

Variety test and study of fertilizer and pruning requirements of 
bush fruits. 

A study of several factors influencing strawberry production, such 
as fertilizers, varieties and their adaption, systems of planting, 
and the effect of plant selection. 

General survey of the small fruit industry. 
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Variety test, fertilizer test, cultural methods, and effect of pruning 
on yield and vigor of grapes. 

Demonstrational cooperative orchard and variety testing work. 

Test of spray nozzles. 

Breeding of sweet potatoi^s to study the effect of hill selection on 
yield and vigor. 

Irish potato breeding to study the effect of bud selection; experi¬ 
ment conducted on the, tuber unit plan. 

Potato cultural experiment to study the various factors affecting 
yield and vigor. 

Potato variety test. 

Improving poor soil by means of moderate applications of commer¬ 
cial fertilizers and manures and the use of cover crops while pro¬ 
ducing profitable truck crops. 

Demonstration and experimental market gardens. 

Extension work in demonstrations on tree fruits, small fruits and 
vegetables, and the keeping of accurate records of costs, yields, 
etc. 

Extension work by means of farmers’ institutes, extension schools, 
correspondence courses, judging at district and county fairs, 
and special assistance to individuals. 

WISCONSIN. 

University of Wisconsin, Madison. 

Root hardiness of apples. 

Metliods of pruning young apple trees. 

The effects of dynamite in tree planting. 

Comparative value of trees of different ages for orchard planting. 

Orchard eovei* crops in their relation to soil temperatures and pre¬ 
vention of winter injury. 

Factors in fruit bud development in apples as related to biennial 
fruiting. 

Moisture losses during winter as an indication of probable hardi- 
ness. 

Variation in flower development as a factor in orchard spraying. 

Factors in the production of scion roots. 

Fertilization of young and bearing cherry orchards. 

Studies in fumigation with hydrocyanic acid gas. 

Effects of crossing on yield in tomato hybrids. 

Factors influencing the keeping quality of squash in storage. 

The effects of different sprays in the setting of fruit in forced 
tomatoes. 

Factors influencing the forcing of rhubarb. 

Potato plant food requirements. 

The increase of prolificacy in carnations through selection. 

Studies of tobacco root rot and other tobacco diseases. 

Inheritance in the tobacco plant as related to productiveness and 
disease resistance. 
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Demonstration work in orchard management, spraying, pruning, 

and frtiit packing; improvement of public and home grounds^ 

potato development; tobacco seed bed sterilization; root rot dis¬ 
ease prevention. 

WYOMING. 

University op Wyoming, Laramie, 

Variety testing, propagating, and hybridizing varieties of fruits, 

ITEMS OF BUSINESS. 

The amendment to the constitution was adopted changing the 
name of the Society from Society for Horticultural Science tq 
American Society for Horticultural Science. 

It was decided to have two meetings in 1917,—a field meeting 
of one day with the American Pomological Society in September, 
and the annual meeting of three days with the American Associa¬ 
tion for the Advancement of Science in Pittsburg in December. 

Subjects suggested for the next program are,—Methods of ex¬ 
perimentation and research; laying out an experiment; symposium 
on soil moisture under different methods of soil management. 

A committee of three on variety testing of fruits was pro- 
.vided for. 

The other items of business are covered by the report of the 
committee on resolutions. 

The report of the nominating committee was presented and 
after some discussion the Secretary was instructed to cast the vote 
of the Society in favor of the officers and members of committees 
as given on page 5. 

BEFOBT OF TEE COMMITTEE ON RESOLUTIONS. 

By W. T. Macoun, Chairman, 

PERMANENT COMMITTEE ON RESEARCH AND 
EXPERIMENTATION. 

Prom year to year committees have been appointed to con¬ 
sider various phases of research and experimentation. In order 
to secure greater permanence for this work your resolutions’ com¬ 
mittee suggests the following: 

Resolved: That a permanent committee on research and experi¬ 
mentation be appointed by the president to report at its pleasure 
to the society or to any of its members on any phase of research or 
experimentation which the committee thinks will aid the Society in 
its present aims. 

Furthermore be it Resolved: That this committee shall consist 
of three men, one whose chief interest shall be in pomology, one in 
floriculture, and one in olericulture, and that the first appointments 
be made for one, two and three years and thereafter, as these 
appointments expire, all further appointments to be for a period 
of three years. 
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PUBLICATION OF LISTS OF INVESTIGATIONS AND 
BXPEEIMENTS. 

There is a general feeling that the Society should, from time 
to time, assemble and publish a list of the various lines of woyk 
in which its members are engaged; for this reason your committee 
presents the following: 

Besolved: That the Secretary be requested to secure annually 
from the various agencies represented in the Society a statement 
of the horticultural investigations and experiments which they are 
conducting, and that this information be published in the n.nmm1 
report of the Society. 

PROPOSED AFFILIATION WITH THE NATIONAL 
HORTICULTURAL CONGRESS. 

In connection with the proposed af&liation of the American So¬ 
ciety for Horticultural Science with the National Horticultural 
Congress, and the suggestion that two members of this Society 
be appointed to act as delegates to the National Horticultural 
Congress, it is the feeling of this Society that without further in¬ 
formation in regard to the objects of the National Horticultural 
Congress, it is not desirable for a resolution to the above effect 
to be presented at this meeting, but it is hereby resolved that the 
Secretary shall communicate with the National Horticultural Con¬ 
gress for the purpose of obtaining further information and that 
the matter be referred to our next annual meeting for action. 

ACTION ON BILLS BEFORE CONGRESS. 

While your committee does not think it desirable to present a 
resolution in regard to the bills referred to in Mr. Gifford Pin- 
chot’s letter of November 29, 1916, addressed to our Secretary, yet 
it is believed that the members of this Society all have the bert 
interests of the people at heart and will individually use their 
influence in protecting such interests, but should any concerted 
action be taken by other scientific societip the Secretary is in¬ 
structed to cooperate with them. (The bills referred to aie the 
Shields bill, the Myers bill and the oil land provisiiais of the 
Phelan bill). 

THE PASSING OP PROP. W. R. LAZBNBY. 

Resolved; that the American Society for HorticultuM ^ienee 
place on record its appreciation of the loss it hsa sustained in the 
death of Prof. W. R. Lazenby, who was an active member of the 
Society and who by his genial disposition and attractive per- 
simality had many friends. It is further resolved that the warm 
sympathy of the "members of our Society be conveyed by the Sec¬ 
retary to Mrs. Lazenby and her daughter, the members of his 
family who remain to mourn his loss. 
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MEETINGS IN 1917. 

Besolved; that the next annual meeting of this Society be held 
at Pittsburgh in connection with the meeting of the American 
Association for the Advancement of Science, and that a field meet¬ 
ing be held with, and at the time of, the meeting of the Ameri¬ 
can Pomological Society in September, 1917. 

THANKS OP THE SOCIETY TO COLUMBIA 
UNIVERSITY. 

Resolved; that the thanks of the American Society for Horti¬ 
cultural Science be tendered Columbia University for the comfort¬ 
able quarters afforded and courtesies extended its members while 
holding its annual meeting here. 

W. T. Macoun 
A. C. Beal 
R. I). Anthony 

Committa. 


TWO LISTS OF CANDIDATES. 

When the nominating committee presented its report it offered 
only one list of candidates and the question was at once raised 
that the committee should present two lists of officers according 
to a motion to that effect carried two or three years previously. 
The Secretary was appealed to and while he recalled the gist of 
this motion, he could not give the exact wording. A motion was 
therefore made and carried that the point of having two lists of 
candidates be waived for the present meeting. The Secretary has 
looked up the motion respecting two lists of candidates and quotes 
the following paragraph from the 1913 report, page 109 : 

“Upon vote of the Society the nominating com¬ 
mittee was instructed in the future to prepare two 
lists of officers from which the Society will select one.’’ 

The Secretary remembers distinctly that when this motion was 
being discussed prior to the passage on November 21, 1913, the 
{mint was emphasized that all of the names of candidates except 
that of president might be the same on both lists if the committa 
so desired. The reason for two lists seemed to be to offer a choice 
of two candidates for the office of president. Although this motion 
has been in force since 1913, the nominating committee has not 
always heeded its instructions. 
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THE SOCIAL EVENING. 

On Thursday evening the members met in one of the parlors 
of the Belmont hotel and with Ur. L. H. Bailey as leader, had a 
most interesting and instructive round table discussion on such 
topics as method of teaching, methods of laboratory work, methods 
of attacking experimental and research work, varieties of fruits, 
etc. The future of the American Pomologieal Society was dis¬ 
cussed at length. It was Dr. Bailey’s opinion, and in this the 
members concurred, that the American Pomologieal Society should 
be in the future, as it was in its early life, the society for the 
amateur fruit grower, and deal largely with varieties and nomen¬ 
clature rather than with commercial problems. The members ex¬ 
pressed their desire to help carry on the society along these lines. 

This social evening was declared to be the best we have ever 
held and it was agreed to make this a regular feature at each 
annual meeting. 
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OBITUAST. 

WILLIAM RANE LAZENBY. 

William Kane Lazenz, professor and head of the department 
of forestry, died of pneumonia on September 15. He was born 
at Bellona, Yates County, New York, on December 5, 1850. After 
receiving his elementary and high school training in the village 
schools he entered Cornell University from which he graduated 
in 1874 with the degree of Bachelor of Agriculture. 

Since graduation Prof. Lazenby was instructor in horticulture 
and botany at Cornell from 1874 to 1878 and assistant professor 
until 1881. In 1881 he came to Ohio State Univermty as pro¬ 
fessor of botany and horticulture. As the Univei-sity grew he be¬ 
came professor of horticulture and forestry and later profeasor of 
forestry. 

He was one of the founders of the Ohio Agircultural Experi¬ 
ment Station and its first director. He had been collaborator for 
the IJ. S. Bureau of Forestry for four years, secretary of the Ohio 
Medical University for 12 years from 1902 to 1914, when it was 
consolidated with the Ohio State University, and secndary of the 
College of Agriculture from 1896 to 1906. All of these positions 
he held while he was actively engaged in serving as a regular 
member of the faculty of the College of Agriculture. 

In point of service he is the second oldest member of the fac¬ 
ulty of the Ohio State University, being ranked by Professor Sam¬ 
uel Carroll Derby but a little more than two months and the old¬ 
est member of the agricultural college faculty. He saw the Uni¬ 
versity grow from a small beginning of a few hundred students 
until it had an enrollment of nearly 6000 students. 

His contributions to the text books of his favorite sciences 
were many and his honors voluminous. He also contributed fre¬ 
quently to farm papers and was well known as a speaker at farm- 
era’ meetings in many parts of the country. He spent many of 
his summer vacations in studying horticulture and forestry in 
Europe. He was a member of many scientific societies. (From the 
October number of TJie Agricultural Student, published at the 
Ohio State University, Columbus, Ohio.) 
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ERNEST WALKER. 


Professor Ernest Walker was born at Brownstown, Indiana, 
November 12, 1862. In 1847 his father, a Methodist minister, took 
a supernumerary relation to his conference and moved to New Al¬ 
bany, Indiana, and engaged in the nursery and florist business. 
Those who knew Prof. Walker in his early childhood state that 
as a small boy he was a great lover of nature. While attending 
public school he spent his vacations in his father ^s nursery, which 
had much to do with shaping his career. After attending De 
Pauw University he spent a number of years in this same practical 
work which he regarded as the best part of his education. During 
the period of service in his father's nursery he was a faithful 
student in botany, entomology and liorticulture. He became so 
interested in his "studies that it was almost a nightly wdUTence 
for him to retire after midniglit. He collected and classified spec¬ 
imens of all the flora of that section of Indiana. At one time he 
took up the study of medicine, but the love of nature brought 
him back to the work to which he was so devoted. He entered 
Cornell University and received the degree of Bachelor of Science 
in Horticulture in the year 1897. In 1896-97 he was student assis¬ 
tant in horticulture. After graduating he was student in botany 
at Harvard University. In 3899 he became entomologist at Clem- 
son College, South Carolina. 

In 1900 he was made Professor of Horticulture at the Univer¬ 
sity of Arkansas at Fayetteville. Prom 1903 to 1905 he also filled 
the positions of State Nursery inspector, and Secretary of the 
State Horticultural Society most of the time. In October 1913 he 
entered on his duties as Horticulturist and State Horticulturist 
at the Alabama Polytechnic Institute, which positions he held until 
September 1916 when he moved to Bolling, Alabama, to engage in 
a large horticultural enterprise. He died suddenly at his home in 

Bolling, December 6, 1916. • i u 

He was a good writer and contributed many articles to the 
horticultural papers and magazines, and to Bailey's Encyclopedia. 
He was a member of the Society for the Advancement of Science, 
American Pomological Society, and the American Society for Hor¬ 
ticultural Science. His death is keenly felt in the horticultural 
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AV. AV. Tracy, Chairman T. C. Johnson 
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CONSTITUTION* 

ARTICLE 1. 


The name of this Jiss^)ciatiori sliall be the American Society for Horticultural 
Science. 


ARTICLK 2. 

The object of the Society shall be to promote the Sicienee of Horticulture. 


ARTIHLK 3. 


Any person who is a graduate of an agricultural college and holds an official 
position in an agricultural college, experiment station, or Federal Department of 
Agriculture in the United States or Uaiiada, may become a member upon payment 
of the annual dues of $1.50. 

ARTIUDK 4. 


Meetings shall be held annually at such titne and place as may be designated 
by the Executive Uommittee, unless otherwise' ordered by the Society. 

articdf: n. 

The officers shall consist of a President, three Vice-T^residents, and a Secre¬ 
tary-Treasurer, who, together with the chairman of tlie standing committees, shall 
constitute a Uouncil to act ujkui all aj>i>lications for membership. There shall also 
bo an Assistant Secretarj. These officers shall be elected annually by ba.llot. 

ARTK^LE h. 


This Constitution may be amended by two-thirds vote of the So('iety at any 
regular meeting, notice of such amendment having bmi read at the last regular 
meeting. 


BY-LAWS* 

Section 1. The President and other officers shall perform the usual duties of 
their respective offices, 'Pho President shall also deliver an address at each regu¬ 
lar meeting. 

Hection 2. There shall be a Committee on Xominations consisting of five (5) 
members, who shall be nominated and elected by ballot .at e.acli regular meeting 
of the Society, It shall be the duty of this committee, at the follouing meeting, to 
suggest to the Society names for officers, referees, and memliers of (*ommittees for 
the ensiling year.t 

Section 3. There shall be an Ex(M*uti\e Committee, consisting of three (3) 
members and the President and the Secretary, ex-<i(Ticio. "J’his committee shall 
perform the usual duties devolving upon such cornmittc'e. 

Section 4. The <>>mmittec on Nomination shall nominate referees and alter¬ 
nates uiam s[)ecial subjects 4)f investigation or jiistruction, uliich may he referred 
to its consiiteration by the Society. The duties of thes(‘ referees sliall be make 
concise rej^orts upon recent investigations or methods of teaching in the subjects 
assigned them, nml to report the jiresent status of the same. 

Section 5. There shall be a Commitlee on Ib'ograin, consisting of seven (7) 
members, of which the Secretary shall be one. This committee shall have charge 
of the scientific activities of the Society, excojd as otherwise ordered by the 
Society. 

Section 0. Tliere shall be a committee of five (o) mem tiers on co-ordination 
of the horticultural work of the U. S. Department of Agriculture and the Agri¬ 
cultural (k)lleges and Exi>eriment Stations. (This committee was discontinued 
alumt 19P2.) 

Section 7. The annual dues of the Society shall be one dollar and fifty cents. 

Section 8, Ten members of the Society shall constitute a quorum. 


*The CooRtitution and Tl>-Tjaws as amended from time to time, 
tSince 1913 two lists of candidates have been required. 
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MEMBERSHIP ROLL FOR 1917, 
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Af'CHTEE, K. C.Experiment Station, Morgantown, W. Xsl, 

Austin, C. Y .UiLaguua Plantation Co., llerradura, Cuba. 

Badoock, E. B.University of California, Berkeley, Calif. 

Bailey, E. W.University of Illinois, Urbana, 111. 

Hailey, L. JI.Ithaca, New York. 

Baird, W. P.S. r)pj>t. Agr., Washington, I). C. 

Ballard, W. R.....Experiment Station, College Park, Md. 

liARNK'n’, R. J.State College of Washington, Pullman, Wash. 

Barron, Leonard .(harden City, N. Y. 

Bar.ss, a. F.Agricultural College, Cor\al]is, Ore. 

Batchet/)R, L. D.(UtruH Experiment Station, Riverside, Calif. 

Beach, F. A.Ohio State X^iihersity, Columbus, Ohio. 

Beach. S. A.loua State (’ollege, Ames, Io\\a. 

ItEAL, A. C.Cornell Unhersity, Ithaca, New York. 

Bb\ttie, W. R..174 Railv\ay Exchange Bhig., St. Louis, Mo. 

Bkckexstratkr, II.Maryland State College, (’ollege Park, Md. 

Bennett, E. R.Kxtension Service, Hoice, Idaho. 

Bioletta, F. T.Uni\'ersity of California, Berkeley, Calif. 

Bi.aik, .1. C.rniversity of Illinois, Urhana, Illinois. 

Blair. W. S.Exjierimont Station, Kcntville, Nova Scotia. 

Blake, M. A.Experiment Station, New Brnnsuick, N. ,1. 

Briebly, W. 0.University Farm, St. Paul, Minnesota. 

Brown, B, S.Uiiiver.sity of .Maine, Orono, Maine. 

C/ADY, LeRov .University Farm, St, Paul, Minnesota. 

CaldW'ELL, .1. 8. Exf»eriment Station. Pullman, Wash. 

Chandler, W. II.Cornell University, fthaea, N. Y. 

CiiEXOWiTH, W. W.Agricultural C^ollege, Amherst, Mass. 

Clark, C, F.U. S, Dept. zVgr., Washington, D. C. 

(U/EMENT, F. M.Univ. ot British Columbia, Vancouver, B. C. 

Close, C. P.U. S. Dept, Agr„ Washington, D. C. 

CoiT, J. E...University of (California, Berkeley, Calif. 

(^)LBY, A. S....University of Illinois, Urbana, Ill. 

(JoNDiT, T. ,T.University of California, Berkeley, C^alif. 

(k)NxoRs, C. H.Experiment Station, New Brunswick, N. J. 

CoNOLLY, II. M.u. S. Dept. Agr., Wasiiiiigton, D. (\ 

Corbett, L. C.U. S. De?‘t. Agr, W;ishiiigton, D. 

Eorriveau, P. jo ..Agricultural College, Kingston, R. 1. 

Crakj, a, G.Arcadia OrchaT<l« Co., Deer Park, Wash. 

Crandall, 0. S.I’niversitv of Illinois, Urhana, Ill. 

Crane, IL L.University of West Virginia, Morgantown, W. Va. 

Crider, F. J.Kx|'erime*nt Station, (‘lemson (’allege, S. 0. 

Crow, J. W.Agricultunil (-olJoge, Guelph, Canada. 

Cruiokshank, R. R.Ohio State University, Columbus, Ohio. 

CULVERHOUSB, P. E.llort. Experiment fetation, Vineland Station, Ontario^ Coa. 

Cummings, M. B.Experiment Station, Burlington, Vt. 
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Dacv, a. L.Ex|»ennieiit Station, Mor^^aiitown, W. Va. 

DarrOW, G. M.n. S. A^r., Washington, 1), V. 

Davis, V. II.Ohio State University, Coliinibus, Ohio. 
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Bet JEN, L. K.Experiment Station, West Raleigh, N. C. 

Dewey, G. W.leronie, Idaho. 

Dickens, Albert .Agricultural College, Manhattan, Kansas. 

Dorsey, M. J.Cniversity Farm, St. Paul, Minnesota. 

Drinkard, Jr., A. W.... Experiment Station, Blju*ksbnrg, Virginia. 

Durst, C. E.Cni\ersity of Illinois, Crbana, III. 

Edminster, A. F. IT. S. Dept. Agr., Washington, D. C. 

Erwin, A. T.•li>\\a Stale ('ollege, Amos, Iowa. 

Eustace, 31. J.Agricultural (Vdlege, East Dansing, Mich. 

Fagan, F. N.Experiment Station, State (College, I'a. 

Farley, A. J.Experiment Station, New* Brunswick, N. J. 

Firor, j, W.State (’ollege of A. and M. Arts, Athens, Ga. 

Fisher, D. F.....Wenatchee, Wash. 

Fitch, C. L.Iowa State College, Ames Iowa. 

Fletcher, S. W.Penn. Stale (^ollege. State College, I^a, 

Fletcher, W. F.Woodward, Oklahoma. 

Frost, 11. B.Citrus Experinumt Station, Riverside, Calif. 

Gladwin, F. E.....Vineland laboratory, Fredonia, N, Y. 

Gooding. J. 11.State College of Washington, Pullman, Wash. 

Gould, II. P.T^. 8. Dept. Agr., Washington, 1). C. 

GouRLEY, J. II.Agricultural College, Durham, N. 11. 

Green, L.Purdue University, ijafayette, Ind. 

Halstead, B. D.Experiment Station, New Brunswick, N. J, 

Hansen, N. E.Agricultural College, Brookings, S. I). 

Hecke, G. H.Forum Building, »^cramonto, Calif. 

Hedrick, U. P.Experiment Station, Geneva, N. Y. 

Heinicke, a. j .Cornell University, Ithaca, N. Y. 

Hendrickson, A. H.T^niversity of California, Berkeley, Calif. 

ITepler, j. R.University of Wisconsin, Madison, Wis. 

HbrRICK, R. 8..Iowa State College, Ames, Iowa. 

Higgins, J. E.Ex{)eriment Station, Honolulu, Hawaii. 

Hodgdon, R. W.University of California, Berkeley, Calif. ♦ 

Hollister, S. P.Agricnltural College, Storrs, C^onn. 

Holmes, F. S.Experiment Station, College Park, Md. 

Hood, G. W.University of Nebraska, I^incoln, Neb. 

Hoshino, Yuzo .The Tohoku Imperial University, Sapporo, Japan. 

Howard, R. F.T^niversity of Nebraska, Tancoln, Neb. 

Howard, W. L.University Farm ScImm> 1, Davis, Calif. 

Howe, G. H.Exjieriment Station, Geneva, N, Y. 

Huber, H. F.Experiment Station, New Haven, Conn. 

IIUSMANN, F. L.Second and Seminary Streets, Napa, Calif. 

lltTSMANN, G. C.U. S. Dept. Agr., Waabington, D. C. 

IIuTT, W, N.State Department of Agriculture, Raleigh, N, C. 

Jenks, A. R.82 Hall Street, Springfield, Mass. 

Jesseman, L. D.[Pennsylvania State College, State College, Pa. 

Johnson, S. B.University of Arizona, Tusi'on, Ariz. 

Johnson, C.Virginia Truck Exj)erira©nt Station, Norfolk, Va, 

Jones, D. F.Experiment Sla,tion, New Ilav’en, Conn. 

Keyser, C. N.State College of Agriculture, Athens, Ga. 

Kilham, a. D.Massachusetts Agricultural College, Amherst, Mass. 

Kirkpatrick, E. L.Cornell University, Ithaca, N. Y. 

Kraus, E. .1....Experiment Station, Corvallis, Oregon. 

Kyi^e, E. J.A. & M. College of Texas, College Station, Texas. 
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Lakk, K K.IT, 8. Dept. Agr., Washington. D. C. 

J/ANHAM, W. B,...A. & M. College of Texas, College Station, Texas, 

IjAWRENCE, W. H.University of Missouri, Colmnibia, Mo. 

JjEHRENBAUBR, P. A.Imiversity of Illinois, Urbana, ill. 

liEW]S, C. I.Agricultural College, CJorvallis, Oregon. 

Lu)Y», X W.University of Illinois, Urbami, HI. 

Jx)OKLiN, H. D.Agricultural College, Con^allis, Oregon. 

loMBARi), P. M.tJ. S. D^t. Agr., Washington, D. C. 

UoMiviKL, W. K.Purdue University, Ijafayetto, hid. 

Ltjmsden, David .(Jornell University, Ithaca, N. y. 

UuKiK, A.Missouri Bot^nicM Garden, St. Louis, Mo. 

Mackintosh, K. S.Thiivcrsitv Farm, 8t. Paul, Minn. 

Mai’oitv, W. T.Central Experimental Farm, Ottawa, Canada. 

Manev, T, .T...Iowa State College, Ames, Iowa. 

Mann, C. W.U. 8. Dejd. Agr., Washington, I). C. 

Markell, E. L..55 Liberty Htreet, New York, N. Y. 

Marshall, R. E.Agricultural & Mechanical (College, Blacksburg, Va. 

Mason, A. F.Peunsylvauia State College, State College, Pa. 

Mathews, C. D.. .State J)e])t. of Agr., Rfileigb, X. (j. 

MATirBWS. C. W.Agricultural College, Ijexington, Ky. 

Mc<.‘all, T. M.University of Minnesota, Crookston, Minn. 

M(H'i.intick, J. A.Virginia Truck Experiment Station, Norfolk, Va. 

M< (Mte, C. a .Experiment Station, Newark, Del. 

MrOiNTY, li. A.College of Agriculture, Fort ColHns, Colo. 

McIIatton, T. it .State (-oliege of A. & M. Arts, Athens, Ga. 

MiLLKii, F. E.U. 8. Dept. Agr., Washington, 1). C. 

Mjlwaed, J. G.University of Wisconsin, Madison, Wis. 

Montoomery, L. M.Ohio Suite University, Columbus, Ohio. 

M( ORE, J. G.Experiment Station, Madison, Wis. 

Morris, O. M.Ex]ieriment Station, Fullrnain, Wash. 

Mulford, F. L.S. Dept. Agr., Washington, 1). C. 

Merneck, a. E.Iowa State (killege, Ames, Iowa,. 

Myers, ('. E.Exjieriment Station, State College, Pa. 

Nelson, Aven .Experiment Station, Laramie, Wyo. 

O.SKAMP. ,l(iR.Purdue University, Lafayette, Ind. 

OvKRHOL.SER, E. L.Cornell University, fthuca, N. Y. 

Paddock, W.Ohio State University, C'olumbus, Ohio. 

T*ailthorpf., R. B.Exjieriment Station, Newark, Del. 

Palmer, E. F.Vineland Statwm, Ontario, Canada 

Peck, G. W.....Cornell University, Ithaea, N. Y. 

IhcLTON, W. C .Georgetown, Del. 

Peterson, W. A.Northoni Great Plains Field Station, Mandan, N. D. 

Peaender, Max .Northeni Great Plains Fh'ld Station, Mandan, N. D. 

Pickett, B. S.Uni\ersity of Illinois, Urbana, 111. 

PfLLSBURY, .T. P.Exjieriment Station, West Kaloigh, N. C. 

Potter, G. F.University of Wisioiisin, Madison, Wis. 

i'RATT, B. B.Box 042, Station (’, Los Angeles, Calif. 

Price, IT. T^,.....Exjieriment Station, Blacksburg, Va. 

Thrice, .T. C. C.Alalmma Polym'hnic Institute, .\uburn, Ala. 

Ralston, G. S.Virginia IV)lyt<M*hnie Institute, Blacksburg, Va. 

Rees, R. W.Cornell Thnversity, Ithaca, N. V. 

IkiiDER, Alfred .Arnold Arboretum, .Lunaica Plains, Mass. 

Rfjmer, F. C.iSouthorn Oregon Kxj»erinient Station, Talent, Ore. 

Richards, M. W.. .802 Kahn Building, Indianapolis, Ind. 

Ridley, V. W.U. 8. Dept. Agr., Washington, D. C. 

Roberts, R, H.University of Wisconsin, Madison, Wis. 

Rolfs, P. H.. Exjieriment Station, Gainesville, Fla. 

Rosa, Jr., j. T.Virginia Truck Exi>eriment Station, Norfolk, Va. 
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Sandsten, E. P .Colorado Agricultural College, Port Collins, Colorado. 

Sayre, C. B.Purdue University, Lafayette, Ind. 

SCUERMERITOBN, L. G.... Rutgers College, New Brunswick, N, J. 

ScHMiiyr, D...Experiment Station, New Brunswick, N. J. 

Scott, L. B.U. S. Dept. Agr., Washington, D. C. 

Sears, P, C.Agricultural College, Amherst, Mass. 

Shaw, J. K.Experiment Station, Amherst, Mass. 

Shaw, Percy .1.Agricultural College, Truro, Nova Scotia. 

Shaw, S. B.Maryland State (’olloge, CJbllege Park, Md. 

Shoemaker, D. N.U. S. Deivt.. Agr., Washington, 1). (J. 

Snyder, El-mer .1535 J Street, Fresno, Calif. 

Stahl, J. L.West Washington Experiment Station, Puyallup, Wash. 

St ARCHER, G. 0.Experiment Station, Auburn, Ala. 

Starring, (I C.Agricultural fCollege, Bozeman, Mont. 

Stewart, John P.Experiment Station, State (V)llege, Pa. 

Stoddard, E. P.Maryland State College, (VJlege Park, Md. 

Strang, A. .Montana State Board of Horticulture, Missoula, Mont, 

Stuart, AVm .U. S. Iiept. Agr., Washington, D. C. 

Stt^ckey, JI. P.Exf)erinient Station, Experiment, (5a, 

Sutton, P. J.North (’ai^dina State College, West Kaleigh, N. C. 

Sutton, P. L.Exj^eriment Station, Morgantown, W. Va. 

Sweet, W. F.Uiihersity of (?alifornia, Berkeley, ('hlif. 

Taylor, K. II.University of California, Berkeley, (^'llif, 

Taylor, W. A.U. S. Dept. Agr., Washington, D. (\ 

Thayer, Paul .Experiment Station, Wooster, Ohio. 

Thompson, 11. C.U. S. Dept. Agr., Washingtim, D. (\ 

T’hornber, W. S.State College of Washington, Pullman, Wash. 

Tomlinson, A. II.Agricultural (’ollege, Gnel]d!, (’anada. 

Thumpso.n. II. P.10 Tem()le Street, Arlington, Mass. 

Tracy, Sr., W. W.U. S. Dept. Agr., Washington, D. n. 

Ti:pts, W. P.UniNersity Farm, Davis, (^alif. 

Tur.vey, a. C.I>e[>t Agr., Fredericton, New Hrunsvvick. 

Yaile, R. S.(^itriis Experiment Station, Ri\erside, ('alif. 

Volz, K. C .(’ornell University, Itiiaca, N. V 

VwRHORST, Hay G.Box 49S, East Lansing, Mich. 

VOSBURY, E. 1).C. S. Dept. Agr., Washington, D. (’. 

Waldron, (\ B_*.Agricultural (^dlege, Fargo, N. I). 

Watson, B. M.Summer Street, JMymoutli, Mass. 

Watkins, O. S.1214 N. Walnut Stretd, Dainille, Illinois. 

Watts, R. L.Experiment Station, State (>>l!ege. Pa. 

Webber, 11. J.Citrus Experiment Station, Riverside, (Jal. 

Weiss, F.University Farm, St. Paul, Minn. 

Welm.ngton, R..University Farm, St. Paul, Minn. 

Werner, H. O.Kxfteriment Station, Agricultural College, N. D. 

White, E. .Cornell University, Ithaca, N. Y. 

Whipple, O. B.Experiment Station, Bozeman, Mont. 

Whitten, .1. C.Ex})eriment. Station, (Mlumliia, Mo. 

Wight, W. P.IT, S. Dept. Agr., Washington, D. €. 

Whyte, R. B.370 Wellrod Street, Ottawa, (^anada. 

Wicks, W. IT.Kx])eriment Station, Fayetteville, Ark. 

Winslow, R. M.Dept, of Agr., Victoria, B. 0. 

Wood. E. G.Mji.ssachnsetts Agricultural College, Amherst, Mass, 

Woodbury, C. G.Purdue Tbiiversity, i>afayette, Ind. 

Work, Paul .Cornell University, Ithaca, N. Y. 

Wright, W. J..\lfred [Tniversity, Alfred, N. Y. 
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TREASURER’S REPORT FOR 1917. 

Voucher 

No. Cr. 

1916. 

1 Dec. 30 To expenses of Secretary Close in attendinor 1916 Annual 

XT_ XT..-*-!- no n 


1917. 

Jan. 5 To Stamps. 2.00 

2 Jan. 9 “ W. M. Holladay, Annaixilis, Md., 350 programs for 1916 

Annual Meeting . 6.50 

Jan. 9 Stainj)s. 2.00 

3 Jan. 12 C. A. McCue, stamps for use of program committee in 

1916. 4.00 

Jan. 15 Stamps. 2.00 

Jan. 19 Stamps. 4.00 

Feb, 1 Stamps. 2.00 

1 Feb. 2 Kxpress on report manuscript to the printer in Anna- 

}K)lis. .26 

5 Feb. 7 The Maurice Joyce Engraving (’o., 1 co)>per half-tone, 

M. A. Blake, $2.50; 1 zinc etching—Anthony’s 

paper, $2,09. 4.59 

Feb. 12 Stamps. 3.00 

6 Fel). 12 Express on letterheads and envelopes from .Annapolis . .37 

Feb. 17 “ Telephone charge to AV. M. Holladay, .Annapolis, Md... .25 

Feb. 21 “ Telephone charge to \V. M. Holladay, Annapolis, Md. . .25 

Mar. 2 Telephone charge to AV. M. ITolladav, Annapolis, Md... .25 

Mar. 10 File Ca«e .'.45 

Mar. 20 Stamps. 1.00 

Apr. 19 Stamps for mailing 1916 report . 16.23 

Ajn*. 19 '' Stamps . 2.00 

7 Apr. 30 “ W. M. Holladay, printing 1916 ie]>ort, 164 pages @ 

$1.20 per page, $196 80, and 3 iimerts, $7.00.203.80 

8 Apr. 30 AV’'. M, Holladay, for 2,500 letterheads ami envelopes. 20.00 

June S Stamps. 2,00 

S^^pt. 24 Stamps . 2.00 

Oct. 19 “ Stamps. 2.00 

9 Oct. 29 Tors{*h & Franz, Baltimore, Md., HUl buttons for Boston 

Meeting. 4.55 

10 Nov, 10 “ (leorge T. Melvin — The Advertiser-Bepnblican, Anna¬ 

polis, Md., for printing 300 billheads. 3.00 

Nov. 12 Stanjps. 1*00 

11 Nov. 16 Kells, Newark, Del., 200 en\elo|>cs for chairman, Pro- 

' gram Committee . 

Nov. 22 * ^ Stamps... 

Dec. 10 Stamps . 

Dec. 12 Stam])s. . 

George T, Melvin — The Advertiscr-Kepublican, Anna- 
jK)1is, Md., printing 350 programs of 1917 meeting... 7.50 
Torsch & Franz Badge Co., 125 buttons for I’ittsburg 
Meeting. ‘^•25 


$ 334.10 
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1916. 

Dee, 28 By 

1917. 
Jail. 22 

Jan. 23 

Jan. 29 
Feb. 6 
Feb. 10 

Mar, 27 ** 


Mar. 30 
Apl. 20 

ApL 30 

May 2 

May 7 ‘ * 

May 7 

May 7 
May 7 

May n 
June 6 
June 6 ‘ ^ 
June 6 
June 6 ** 

June 6 ' * 
June 6 *^ 

June 6 * ^ 

June 6 
June 6 

.Tune 16 
June 16 

June 16 
June 16 '' 
June 26 ‘ * 
July 10 '' 
July 10 
July 10 '' 
July 25 

July 31 
July 31 
Aug. 3 ‘ * 
Aug, 3 
Aug. 25 

Sept. 18 ‘ ‘ 
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Dr. 


Balance on hand. 


T. 0. .Tohnson, A’irginia Truck Experiment Station, Va., re¬ 
ports 1903-4, 1905, 1906. 

P. E. Carreveau, R. I. State College, Kingston, R. T. report 

1911 . 

Oregon A^. College, Corvallis, Ore., repmrts 1912, 1913, 1914, 
The Washington Neus Co., Washington, D. C. report 1915... 
Virginia Tniek Exj»erinient Station, Norfolk, Va., first eleven 

reports . 

New Mexico College of Agr. & Mcch. Arts, State College, N. 
M., set of eleven, reports and reports for 1912, 1913 and 

1914. 

Iowa State College, Ames, Iowa, rejort 1913. 

P. M. Clement, University of British Columbia, Vancouver, 

B. C., report 1916. 

Brooklyn Institute of Arts and Sciences, Brooklyn, N. Y., 

report 1916 . 

Georgia Agr. Experiment Station, Experiment, Ga., report 

1916. 

Southern Oregon Experiment Station. Talent, Oregon, report 

1916. 

University of Minnesota, University Farm, St. Paul, Minn., 

refM)rt 1916 . 

Perdue X^uiversity, Lafayette, Ind., report 1916. 

Georgia State (kJlege of Agriculture, Univ. of Ga., Athens, 

Georgia, rejmrt 1916 . 

Virginia Polytechnic Institute, Blacksburg, Va., report 1916. 
State College of Washington, Pullinan, Wash., report 1916... 

The Ohio State University, Columbus, Ohio, re^port 1910. 

University of California, Berkeley, Calif., 2 reiwrts 1916.... 
Masaac'busetts Agricultural College, Amherst, Mass., report 

1916. 

Louisiana State University, Baton Rouge, La., refwrt 1916.. 
Kentucky Agricultural Experiment Station, Ijcxington, Ky., 

report 1916 .. 

Ohio Agricultural Exj>eriment Station, Wooster, Ohio, report 

1916. 

Pennsylvania State College, State College, Pa., re^wrt 1916.. 
The American News Go., 9 Park Place, New York City, re¬ 
port 1916 . 

University of Wisconsin, Madison, Wis., rejmrt 1916. 

New Mexico College of Agr. & Mcch. Arts, State College, N. 

M., report 1916 . 

Oklahoma Agr. & Meeh. College, Stillwater, Okla., refmrt 1916 

Iowa State College, Ames, Iowa, report 1916. 

Cornell University, Ithaca; N. report 1916. 

Oregon Agricultural College, Corvallis, Oregon, report 1916.. 

University of Maine, Orono, Maine, report 1016. 

Department of Agriculture, Harrisburg, Pa., report 1936_ 

Kansas State Agricultural College, Manhattan, Kansas, re- 

jwrts 1916 and 1917. 

University of Nebraj^a, Lincoln. Neb., repo.rt 1916.. 

University of California, Berkeley, Calif., report 1916. 

University of Vermont, Burlington, Vt., refiort 1916. 

Colorado Agricultural College, Fort Collins, Colo., report 1916 
F C. Steckert & Co,, New York, N. Y., first eleven reports 
(sent to University of British Columbia Library). 

U. S. Experiment Station, Honolulu, Hawaii, report 1916,.., 
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Sept. 24 “ Eaphael Meyer, Librarian, B. Veterinary & Agricultural Col- 


Oopenliagen, Penmark, 8et of 12 reports. 12.50 

Nov. 20 * ^ A. E. Munaeck, Iowa State OoUege, Ames, Iowa, report 1916. 1.50 

Dec. 28 Membership dues paid since the 1916 meeting. 851.50 

$ 834.21 

Balance on hand.$ 500.11 


Kespectfully submitted, 

0. P. CLOSE, Treasurer. 

The Auditing Committee reported that it had examined the accounts of the 
Treasurer and found them to be correct., 

C. A. MoCUE, 

W. H. ALDERMAN, 

R. W. REES, 

Auditing Committee. 
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BOSTON SPECIAL MEETING, 1917 

FRIDAY, NOVEMBER 2, 9:30 A. M. 


In the absence of President Johnson, Vice-President Macoun pre¬ 
sided. This special meeting was held in connection with the bi-ennial 
meeting of the American Pomological Society. About 30 members were 
present. Only one session was held and the following addresses were 
given : 


OBSERVATIONS UPON SUMBIER PRUNING OP THE APPLE AND 

PEACH. 

By M. a. Blakk, Experiment Station^ New Brunswick^ A^ J. 

The training and pruning of fruit trees has been a common topic 
of discussion among fruit growers for years. Every horticultural writer 
has given some attention to this phase of horticulture. However, the is¬ 
sue has not always been clear cut, and problems of training have been 
confused with plant growth principles and commercial problems. Too 
often the dominant idea conveyed is that the successful production of 
fruit is principally a matter of the form of the tree, and that when one 
is able to prune a tree into a symmetrical habit and to make perfect cuts 
with the saw and the knife, he has become an expert in pruning. The 
practice of pruning in America has too often ])i;en based upon theory, or 
has developed into a fad along certain lines. 

Horticultural investigations havt* only rec'xmtly reacdied a stage of 
development where projects as broad and complex as that of pruning can 
bo carried out upon an extensive and accurate scale. Our experiment 
stations have not been able to provide the trained men and the funds to 
carry out these problems properly in the past. The fact should not be 
lost sight of, however, by present day horticulturists that most of the 
principles of plant growth concerned in pruning have been brought 
forward at one time or another, and have simply been overlooked or cast 
aside because their true worth and bearing were not recognized. Many 
of our present controversies among experts and fruit growers, and the 
lack of uniformity in methods, are due in a large measure to a lack of 
knowledge. 

A considerable number of pruning experiments with fruit trees are 
now being conducted in several states, and they are being conducted so 
extensively and accurately that it is quite certain that within a com¬ 
paratively short time the subject of pruning will be presented in a com¬ 
plete manner. 
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‘ Extensive pruning experiments with peaches were begun at the New 
Jersey station in 1912, when it became apparent that a careful study of 
the pruning of the peach was necessary in connection with the other in¬ 
vestigational work being conducted with peaches. Experiments in the 
pruning of apples were also started at the same time. 

The peach experiments have produced four crops, but the time and 
labor involved in the tabulation and data have been so great that only a 
brief summary of the first two seasons' results has been published. 
Nothing as yet has been published in regard to the apple experiments. 

Previous to the planting of these experimental pruning plots, a 
dwarf apple orchard was established at the New «Iersey Experiment Sta¬ 
tion in 1907, also experimental peach orchards for the study of fertilizer 
problems. Some pruning tests in these early plantings were the basis of 
the extensive pruning experiments planned for later. The horticultural 
work at the New Jersey Station has heen greatly disturbed this year by 
(‘iilistmcmts in the army and navy, and it has not been possible to pre- 
])are a complete report upon the pruning investigations in time for this 
meeting. However, the observations of those who have been conducting 
tile work may be of some special interest as applied to summer pruning. 
No attempt will be made at this time to discuss tlie practicability of sum¬ 
mer pruning as an orchard practice, but to call attention to its present 
status and to bring out points whicli have been observed in the conduct 
of the New Jersey experiments. 

The summer pnniing of apples has received special attention in re¬ 
cent years by Alderman and Auchter, of West Virginia, by Gardner and 
Magries, at tlie Oregon Experiment Station, by Batchelor and Good- 
speed, of Utah, and others. Summer prniiing of the peach is discussed 
in a bulletin by Keffer, of Tennessee, issued in June, 1914. 

Alderman* calls attention to the opinions in regard to summer prun¬ 
ing of 166 fruit growers and gardeners in th(‘ Britisli Tsle, compiled by 
The Gardeners’ Chroniide, 140 of these reporting from fair to very good 
results with home fruits, while 26 were doubtful of its practicaMlity. 

Vincent^ in Idaho, found that trees given annual summer pruning 
only, gave considerably im-reased yields in the ease of some varieties, 
while in others it was very slight, Dickens,- of Kansas, also reports 
favorable results with ten-year old apple trees. 

Batchelor and Goodspeed'^ report that “Trees pruned during the 
dormant period and also during the summer produced a greater annual 
twig growth than trees pruned during the rlormant season only," They 
also found, however, that “Summer pruned trees averaged less market- 
ahle fruit per tree than either the winter pruned or the unpruned trees," 
and conclude that “Summer pruning in this orcliard has proven neither 
profitable or successful in increasing crop yields." Alderman & Auch¬ 
ter* state “Early mid-summer and n^peated summer pruning as a rule 
impair tree vigor as evidenced by small annual growth, small leaf area 
and light colored foliage. Early summer pruning was less deterrent in 
its effect than was repeated or mid-summer pruning." 

* West Virpinia Experiment Station. Bulletin 158, page 20. 

1 Idaho Agr. Ex. Station. Bui. 8i. 

2 Kansas State Agr. Exp, Station. Bui. 186. 

3 Utah Agr. Exp. Station. Bui. 140, 

4 West Va, Agr. Exp. Station. Bui. 158. 
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There is no evidence to show that either early, repeated or mid¬ 
summer pruning will hasten the bearing period of young trees or in¬ 
crease crop production of trees of bearing age.'' 

Gardner,^ of Oregon, states “Summer pruning of the type described 
affords a means of developing a fruit spur system in young apple trees 
earlier than is possible witli the ordinary method of winter pruning only; 
it is estimated that its judicious use witli varieties bearing mainly upon 
spurs will enable the apple grower to bring his trees into bearing ap¬ 
proximately a year earlier than is otherwise possible, and still maintain 
and develop a good frame work."’ It can be seen from these extracts that 
there are some differences of opinion in regard to the effect and value of 
the summer pruning of apple ti*ees. However, there is evidence at hand 
to clear up some of these differences, but first let us consider the object 
of summer pruning. It is quite obvious that summer pruning is of little 
practical interest to (‘oinmereial fruit growers unless it will promote 
earlier bearing, increase average production, or result in higher quality 
fruit and increased profits. The common claim made for summer prun¬ 
ing is that it will liriiig trees into bearing earlier, and that it may con¬ 
serve the energies of the tree by directing growth into the desired chan¬ 
nels. In other words, it may he employed as a means of training a young 
tree or of promoting fruit production. 

A most common expression in horticultural writings is that winter 
pruning indu(H\s wood growth, while summer pruning induces fruit pro¬ 
duction, or “Prune in summer to induce fruitfulness and in winter to 
promote wood growth.’^ Another common statement in regard to sum¬ 
mer pruning is that it checks wood growth. The inexperienced might 
easily infer from such remarks that summer pruning would be an im¬ 
portant feature of orchard practice among our fruit growers, while as a 
matter of fact, it is not. Since summer pruning was practiced abroad be¬ 
fore fruit growing became established in America, it is of interest to note 
the statements of some of the earlier wTiters, particularly those of Quin- 
teney, published in “The Complete Gardner,’’ at London in 1719, Chap¬ 
ter XXVIII, has the following title: “Of the Different Manners of 
Ordering a Peach-Tree in the Summer Time.” “Gardeners observe 
three different ways herein:” 

The text reads as follows: 

1— ^“Some pull or tear off all young shoots which grow before and be¬ 
hind, and leave but few others; these seem to blame.” 

2— “Others ent off those shoots within three or four Byes or Buds of 
the Branch they grow' on; which renders the Tree ugly and disagree¬ 
able.” 

3— “The last manner is, to preserve all the good Branches and nail 
them up neatly, leaving them to the time of general Pruning, at which 
time you may preserve those you like best; which is the Course the 
Author always took. ’ ’ 

Under Chapter XXIX he continues: “Wliereas Pruning serves 
only to shorten or take away old Branches, that either by their length, 
situation or number, annoy a tree; so this Trimminur or Picking, is en¬ 
tirely to remove young Branches of the same Year, either thick or small, 
growing improperly, or to cause Confusion or Prejudice to the whole 
Tree, or the branch on which they are grown.” 

1 Orejfon Agr. Exp. Station. Bui. 189, paga 86. 
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''The Time for it is all the Summer, as occasion requires; the sooner 
the better (if it needs it) to prevent the growth of those useless Shoots 
that waste a great deal of Sap, and this should be perfonned on young 
as well as old Trees. 

Several types of summer pruning or pinching are mentioned by this 
author and the removal of shoots when too numerous is recommended. 
This undoubtedly means some shoots other than those commonly called 
water sprouts or suckers by present day fruit growers. 

The fact may as well be emphasized at this point that summer prun¬ 
ing, so-called, may consist of two things; the actual removal of entire 
shoots, twigs and branches thus thinning the top of a tree and the pinch¬ 
ing or cutting back of the tips of shoots and branches which alone would 
tend to increase the thickness of the top. Much of the latter commonly 
requires some of the former, but when the term summer pruning is used 
it is important to know what it implies. 

The term "pinching’’ is commonly used by fruit growers and garden¬ 
ers today, and Quinteney defines this term in the publication of 1719 as 
follows: "IMnehing in relation to gardening is to break designedly a 
tender Sprig of any Plant whatsoever without tlie help of any Instru¬ 
ment, only using the nails of two Fingers; your Shoots so starved are not 
so a})t to die and grow black, as when cut with a Knife. It may be 
practictfd on Buds or tender Shoots, in April or May, and sometimes in 
June end July.” 

He goes on to explain the application of the process as follows: 

"This Operation is to be performed upon thick new Shoots, within 
two or three Eyes of the Branch they grow out of; ajid the effect is. that 
instead of one strong wood-brancli (that may be obnoxious) a vigorous 
Tree will put forth two or Three, at those Eyes left; and the sap being 
now divided, the Branches may be lesser and fit for Wood and Fruit, if 
they are well placed; but its chiefly to be practiced upon the thick 
Branches on the top, which would remain useless from their Situation, 
and yet spend much Sap. 

This is not to l)e practiced on weak Branches; for if they put forth 
more, those probably be weaker than the Stem so pinched.” 

It is such points as these that have often been overlooked by Ameri¬ 
can horticulturists. We rush about so fast and attempt so many things 
that we do not take the time to become fully informed. The question 
might well be asked that if summer pruning was generally practiced in 
England why it did not become established here. 

The methods of pruning that were considered best in England were 
undoubtedly introduced into America early in the history of the country, 
but it became so easy to produce fruit and there were so many other lines 
of development that the gardener type of fruit growing never became 
establislaed, and cunditions in this country today do not permit such 
methods being employed in a commercial way. However, our horticul¬ 
turists may well give thought to facts and principles of pruning and 
tree management that were recognized by these pioneer gardeners. 

Summer pruning, as applied to young trees in the form of corrective 
pruning or training, is a different matter from the treatment Of bearing 
trees. Even the summer pruning of young trees may take two forms; 
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one the removal of undesirable shoots and suckers, the other the pinching 
back of the tips of leading shoots in addition to the removal of unde¬ 
sirable shoots. The effect may be quite different. 

W(' may as well note at this point that Batchelor and Goodspeed^ 
in Utah, found that “Rubbing the water shoots out of the center of the 
tree from time to time during the summer had little or no influence upon 
c>*op production.^’ It is reasonable to suppose that the removal of a 
*oinparatively small amount of shoot development of this type would 
have but little apparent effect upon the tree. 

One im})ortaut fact to be deterjniued is wliether the removal or 
] inching back of growing shoots upon young trees will depress their 
growth. 

early summer pruning did iiot (*heek the increase in size* of the trees (as 
measured by shoot growth) to a degree great(‘r than a t*orres])ondingiy 
heavier winter pruning.” 

The observations at the New Jersey Experiment Station hav<* indi¬ 
cated that summer pruning of the trees the first season they are planted 
tends to reduce the total shoot growth of tlie tree. However, if the un¬ 
desirable buds are rubbed off before they make mm‘h growth the amount 
of shoot growth reduction may be of little or no (*onsequence. Some 
tests with practical growers have shown that the rub])ing off of unde¬ 
sirable shoots low down upon th(‘ trunks of peacdi trees, the first season 
after planting, may reduce total twig growth slightly, but may save con¬ 
siderable trouble in the pruning oft‘ of undesirable suckers at the close 
of the growing season, and that there will be less trouble from the pro¬ 
duction of siK'h su(‘kers the following year. While the Experimei^t Sta¬ 
tion does not recommend any such summer j>runing of trees in gtmeral 
the first season after planting, it does believe tliat the rubbing off of 
undesirable buds low clown upon the trunks c'an often be donc^ ecMuiomi- 
cally and to advantage where the trees have made a good start and are 
growing well. While the pincdiing hack of the tips of shoots upon ycmiig 
trec\s is recommended in Oregon, this has not ap])eared to be a good 
practiee in New Jersey, except where trees are making a very irregular 
growth, and wliere one or two shoots are growing at the expense of others. 
In this (‘,aso, the juiiching of sueh shoots at the proper time, especially 
the peach, can be done to advantage. Results at several experiimmt sta¬ 
tions indicate that sueh pinchings may not depress the growth of the 
trees in the least. 

WV may now turn our attention to the summe^r jinming of Ix^aring 
trees. Since tlie peach differs from the apple in its fruiting habit, it will 
be discussed separately. Let us first take up the edaim made for sum¬ 
mer pruning that it induces fruitfulness. Fruit production (*an onlv be 
increased by increasing the number of flower buds in any oiie year, or 
increasing the average number fonned each year. In the case of the 
apple, w^e may have what are termed spur buds, which are formed upon 
spurs iipo)j two-year or older wood; axillary spurs upon the one-vear 
wood, and axillary and terminal buds upon the one-year w^ood. It is a 

Gardner- states, ‘‘Attention is called to the fact, however, that the 


1 Utah Experiment Station. Bulletin 140, page 18. 

2 Oregon Agricnltiiral Experiment Station. Bulletin 189, page 17. 



SuMMEii Pruning of the Ai»ple and Peach. 


19 


rather i*eiiiarkable fact that so many of our horticulturists and fruit 
growers failed until recently to observe the fact that the apple produces 
fruit from axillary and terminal buds.” 

I^addock and Whipple call attention to this fact in ‘‘Fruit Growing 
in Arid Eegions” in 1910, page 71. They state: “Many varieties also 
produce flower buds in the axils of leaves on the growth of the current 
season, same as the peach. These facts seem not to have been noticed by 
the liorticultiiral writers, and no doubt this manner of fruit i)roduction is 
uncommon in the East, but under seini-arid conditions where the (*ondi- 
tions under which the tre(»s grow arc most artificial, such fruit forma¬ 
tion is a connnon occurrence.” 

Tludr observations are correct for eastern conditions as well as for 
W(^s1(‘rn conditions as noted by Gourley and others. Such varieties as 
^Slayman Winesap, Rome Beauty, Wealthy, McIntosh and Bisraark, com- 
mojily ])rodii(*e axillary flower buds annually in New Jersey. In fact, 
tile I>is]uark trees in the dwarf apple orchard at New Brunswick have 
])roduc(‘d pra(di(‘ally their entire crops in this manner each year since 
1997. One of the prijicijile objects claimed for summer pruning is that 
it induces fruitfulness If this is true, it must then increase either the 
niimhcr of s])ur buds u])on the older wood, the production of axillary’ 
sjuir bu<ls upon the new wood, or the numher of axillary and terminal 
flowcn* buds. 

.Magji(*ss,' of Or<‘gon, throws some light upon tins matter. He ex- 
l)eriim*jit(*d with J8 varieties of apples upon I^aradise stock. Trees of 
each variety n*ceived four different pruning treatments. One, a pinch¬ 
ing back of the t(‘rmiiials, removing not to exceed 20 percent of the cur¬ 
rent season’s growtli; two, a heavy heading back nonoving 50 per cent 
of the current year’s growth, and three, a very hc^avy heacting back, re¬ 
moving 75 to 100 per cent of tin* season’s growth. The lieadiiig back was 
aceompani(Hl by enough thinning to open the trees and admit light. It 
was found that the summer heading back had very little influence upon 
the dcvelo})ment of fruit Imds on the spurs down in the tree. This fact 
is liktdy to be borne out in other investigations along this line, since 
pruning of the shoots at the tip of the tree commonly has little influence 
upon Ihe growth of the lower part of the tree, especially near the trunk. 
Thendorc. the incn*asc in fruit hud formation, where the summer prun¬ 
ing consists of pinching or “tipping back,” must largely occur in the 
form of axillaiw spurs or axillary buds if at all. 

^lagness- also found under this method of summer pruning that 
then* were more axillary flower buds upon the iinpruned trees than upon 
those summer pruned, and that the number decreased with the severity 
of the pruning. lie states: “Here is evidence that far luore fruit buds 
are produced on the one-year wood if no summer heading is practiced. 

The observations at the New Jersey Experiment Station have indi¬ 
cated that summer pruning of the tips of the shoots of the apple may or 
may not increase the formation of axillary buds depending upon the 
variety, the age of the tree, the size of the shoot, the time of the pruning 
and the character of tin* season. Bismark trees commonly respond very 

1 Oreiroii Aj:r. Exp. Station. Bui 1^19. pape^ .'i6*58. 

2 Oro^rou Ag:r. Exp. Station. Bui. 139, page 60. 
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well to summer pincliing. On the other hand, young Delicious trees do 
not. If there is a tendency for a variety to produce axillary buds, sum¬ 
mer pruning may succeed quite well, while varieties whose tip growth 
is slender and does not tend to form axillary buds arc not favorable 
varieties for summer pinching. 

Gardner^ reports: ^‘That in all the varieties studied the late shoot 
growth on the summer pruned trees (i. e. the shoot growth formed after 
the summer pruning) is comparatively slender.’’ This is in accord with 
the observations of Quinteney, published in 1719. 

It has been obser\^ed at the New Jersey Experiment Station, and 
(undoubtedly) in other numerous instances that a great many more axil¬ 
lary flower buds are produced upon apple trees in some seasons than in 
others. A proper check to the growth of the trees l)y dry weather at the 
right tijne during the growing season will promote' bud developim'nt. It 
is also noticeable in sm-h seasons that any slight check to the development 
of branches and t\Aigs often results in the formation of even more axil¬ 
lary buds. 

The whole problem depends upoji the character and condition of the 
growth of the twigs, and it is at this point that the unqualified statement 
that summer pruning <‘hecks wood growth should be challenged. The 
pinching of a few leading shoots upon an apple tree in summer has veiy 
little effect upon (dieckiiig tlie development of the entire tree. In fact, a 
considerable amount of lip pinching and the removal of some shoots en¬ 
tirely may not reduce tlu' volume of growth made by the tree, and al¬ 
though it may apparently eheck the shoots so pinched for a time, it ex¬ 
cites them into further growth a little later, and the growth so f)romoted 
is near the point of pinching and not low down in the tree. Unless the 
pinching is done too late for any growth to occur, side shoots push out 
below the point of pinching aud continue a late growth, so that instead of 
checking growth, the summer pinching has only possibly delayed it and 
excited late growth. The experience at New Brunswick has been that 
the Slimmer pinching has occasionally happened to ])r(‘ce(le a period of 
drought and the development of new shoots has been delayed longer than 
usual. However, it took place as soon as growing conditions were favor¬ 
able, and the resulting shoots did not become of good size and thickness 
before winter. Even when summer pruning was done quite late in the 
fall, the trees attempted to push into growth below the point of pinching. 
Another factor which has entered into the problem to compli(;ate the 
matter is the green aphis. This insect will attack growing shoots of the 
apple when it will not flourish u{)on. fully developed twigs, and the new 
shoots developing upon summer pruned trees in raid-summer offer an 
ideal field for the work of this insect, and unless it is kept under control, 
the new shoots do not develop properly and injury has actually been 
done. 

To promote generally the growth of spur buds well down upon the 
branches of young trees it is necessary to slow down or check the growth 
of the entire tree. Investigations have shown that the pruning of the 
tips of the new growth has comparatively little influence upon the de¬ 
velopment of the lower parts of the tree. 


3 Oregon Exp. Station. Bnl. 139. page 35. 
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It is well understood that a real check in the development of an apple 
after it reaches a certain size would tend to cause the setting of fruit 
buds, but in a number of these summer pruning experiments, such has 
not taken place. Alderman and Auchter report experiments in the ring¬ 
ing of young apple trees at the same time that summer pruning experi¬ 
ments were conducted, and they report as follows : 

‘'It will be seen that in 1914, the year following the ringing, the 
ringed trees bore larger amounts of fruit than those in any of the other 
plots.” 

This was in contrast to their finding that summer pruning did not 
hasten the bearing period of young trees. The point of the matter is 
that the effect of cutting back the tips of growing twigs in summer prun¬ 
ing has an entirely different effect upon the trees than ringing, or gird¬ 
ling. The latter really tends to check the vegetative growth of the entire 
tree, while summer pruning does not arrest or check the vegetative pro¬ 
cesses, but encourages them to put forward further development. Gard¬ 
ner indicates that he recognizes this behavior to a certain extent at least, 
by the following conclusion: 

“Summer pruned trees show a tendency to mature their wood a lit¬ 
tle later in the fall, and might, consequently, be expected to be more 
susceptible to winter injury. They have not, however, proved more sus¬ 
ceptible to bark splitting caus(?d by severe winter weather.” 

He states further, upon page 34 of the same bulletin: “Caution 
should be exercised in practicing heavy, early summer pruning irj a sec¬ 
tion having a very short growing season and very severe winters, even 
though it is evident that such pruning does not render the trees partic¬ 
ularly susceptible to certain forms of winter injury.” This is clearly 
supported by observations made upon apples and pears at the New Jersey 
Experiment Station. The summer pruned trees tend to be excited into 
late giwth. 

It is now appropriate to present the evidence secured in the summer 
pruning of peach trees at the New Jersey Experiment Station. This 
summer pruning practiced on peach trees has consisted of tipping back 
the growing shoots in June and July, accompanied by some thinning out 
of tile shoots and twigs. While the trees were still very young, and be¬ 
fore they came into bearing, th<» orchard at N(‘W Brunswick experienced 
a severe drought one season about mid-summer. Tlie summer pruned 
plots continued growth during the period of the drought, v hile the nn- 
pruned trees and those winter pruned, stopped growtli completely. 

It is a vrell established fact that early maturity of the fruit of the 
peach is promoted by an early cessation of growth of the trees, and that 
promotion of growth greatly delays the ripening of the fruit. The re¬ 
sults at the New Jersey Experiment Station have shown that Elberta 
peaches which have received no nitrogenous fertilizers since the time of 
planting ripen their fruit as much as seven to ten days previous to the 
time of the maturity of the fruit upon those receiving liberal amounts 
of nitrogen. We would, therefore, conclude that if summer pruning 
checks wood growth the summer pruned plots would mature their 
somewhat in advance of trees that had been winter pruned and headed 
back for example. Such has not been the case, however. The summer 
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pruned trees have ])eeii the last to mature their crops. This clearly in¬ 
dicates that instead of (*.he(*.king the vegetative processtis of the tree it 
excites them to contnuM* furtluu' effort. Several experiments of a demon¬ 
stration nature were conducted along these lines tlie past summer. Trees 
having a good set of fruit aiid making a growth of one foot to (‘ighteen 
inches at the tips of th(‘ branches r(‘ceived a severe summer pruning in 
July. Almost tlie (oitire new growth was cut off at the tips of the 
branches. Tpon some varieties this pruiihig was done witliin a few 
weeks of the tinu' of ripening, on other varieties it was dom* Tuore than a 
month in advane(‘ of the time of ripening. Tpon the early varieties tlie 
trees did not havi‘ tina* to make much twig growth following the summer 
pruning before tin* crop was harvested, llowever, it had a marked re¬ 
tarding effect U])on th(‘ rii)ening of tlie fruit. It is, therefore, evident 
that the summer pruning did not arre.st th(‘ vegetative processes of the 
tree, that while in one senst‘ the growth of the tips of the shoots was ar- 
rested, still vegetative action must liave heen taking place iiecanse of tlie 
general behavior of the fruit. These same tr(‘es have sin<*e pusluMl out 
side huds and liavi* inad(‘ a seeondary growth. 

T believe the general ae(‘e[)tance of the statement that summer prun¬ 
ing checks wood growth has been the stumbling block in a great many of 
our investigations and observations, and while it has been apparently 
sbowm that summer pruning in some instanees has depresst‘d the aidual 
twig growdh of tin* tree, and the diameter of the trunk, it is not (dear that 
this lias been the result of a check to the veg(*tative process(*s in tin* st'iise 
that ringing or girdling would he a (*he(*k. 

A tree checked by ringing or girdling of the trunk develops enlarged 
lonticels, ripens its foliage (*arly, the huds beemme (*nlarged and the fol¬ 
iage increases its tannin content, and in tin* case of a hearing ])He(*h tree 
the fruit becomes astringent becausi* of the accumulated tannin. A tree 
summer pruned by the piin'liing of tin* growdng shoots and the thinning 
out of some of them does not Ixdiave in this manner at all, but tends to 
continue growTh. 

There is still another feature to the effect of pinching hack the tiy)s of 
shoots of young apple trees that has not been discussed. This is tin* for¬ 
mation of axillary spurs upon the one-year ^vood helow’ tin* point of 
pincliing. Apple tre(*s o<*casionally produce such spurs ev(*n wiiere no 
summer pruning is pra(*ti(*ed, and it has evidently heen the theory and 
hope of a number of investigators that the season’s growth below the 
pinching w^ould fnindion in a similar manner to the tW'O-vear old wood. 
Whether such a development takes .place the first season depends upon 
the variety, the age of tlie tree, the size and location of the shoot pinched, 
the time of the summer pruning and the character of the weather during 
the season when the piiudiing is done. Varieties which tend to produce 
axillary flow^er buds are the most likely to form axillarv^ spur buds fol¬ 
lowing ‘'pinching,” 

Tt is, therefore, a most unc'ertain practice unless one has tin* skill and 
the art of the gardener to know^ pjst when and how^ such pinching shall 
be done, and even then carefully planned w^ork may fail to bring success 
hecanse of some abnormal condition in the weather wdiich directly affects 
grow^th. 
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Practically all of this discussion upon summer pruning has related 
to ''pinching'' or cutting back the tips of the season's growth. Aider- 
man and Auchter, in West Virginia, in their experiment with young trees^ 
started with this method of summer pruning, but later discontinued it 
and resorted to branch and twig thinning only. 

Now, the effect of simply thinning out the branches of young trees in 
dormant pruning is different in its effect upon growth than the cutting 
back of the tips of branches, and it is no less so in summer pruning. 
Here, then, is another chance for confusion unless we keep the type of 
summer pruning distinctly before us and the difference in principles'in- 
volved. 

Alderman and Amditer* practiced only the thinning out type of 
summer pimning upon bearing trees in the so-called Boyer orchard. They 
conclude as follows: ‘'Taken as a whole, the summer pruning did not 
seem to cheek seriously the terminal growth in middle-aged bearing 
trees." From the standpoint of yields they state: "The heavy and 
moderate dorinant primings seemed to lie very satisfactory and uniform 
in their results, while th(* results of the different summer primings were 
contradictory and un<*.onvineing." 

It is apparent that a certain amount of thinning out of branches 
upon a bearing tree in the summer may have but little effect upon the 
growth at the remaining tips as is the case with the same type of dormant 
pruning. 

One well known principle of plant growth is tliat growth tends to be 
strongest at tips of branches, and when* terminals an* cut or pinched 
back growth tends to be strongest just back of the point of pinching or 
(‘utting, and its effect may not be apparent veiy far down upon the 
branch. 

While it was impossible to present the complete data of the summer 
pinning studies with apples and peaches at the New Jersey Experiment 
Station at tliis meeting, it was thought that the fact that the experiments 
have demonstrated that summer jiineliing of growing shoots does not 
check vegetative develo]>ment in the tree, but encourages late growth and 
late maturity of fruit would be of spcidal interest to horticulturists. 


A PLAN FOR CO-OPERATIVE COLLEGE TRAINING IN PRACTICAL 

HORTICULTURE. 


By B, S. Brown, Ihiivrrsifij of Maitw, Orono, Maine, 

During the past decade almost every agricultural college in the Tlni- 
ted States has been laboring with the problem of inereasing the training 
in practical agriculture. Obviously the purposes of eveiy educational 
institution are but two, one to supply knowledge and the other to develop 
skill. For the most part, the supplying of information or knowledge has 
been fairly well taken care of, and one hears but little sound constructive 


* West Virginift Agr. Station. Bnl. 15S, page 48 
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criticism. But the phase of the work dealing with skill pertaining to the 
more simple farm practices has long been a serious problem, and at the 
present time is far from being satisfactory. 

The problem is continually growing worse, due to the increasing 
number of students entering from the cities and who have no idea of the 
simple farm practic^e operations. Jn some oases such students comprise 
over tifty per cent of the total enrollment. The solution of tlie question 
not only involves practical training for the regular students, but must 
take into consideration the short courses, and the city people who desire 
to move into the ( ountry and want training along specilic lines. 

Such opportunities for developing skill in j)ractical w^ork the ('olleges 
of agriculture have thus far not afforded, or at best, in an unsatisfactory 
w'ay. In far too many cases have the regular students graduated with¬ 
out this practi(*al knowledge. Farmers expect much from college grad¬ 
uates, perhaps too much, but the fact remains that many students are 
made ridhuilous by their lack of know'ledge of simple things. Obviously 
the colleges of agriculture are held responsil)le for sucii training, and 
means should be found to fulfill this purpose. 

Administrators and teachers in colleges of agriculture liave long felt 
the need of greater efficiency in skill. esi)ecially of horticulture, of agron- 
ony and of farm practice. How this can best ])e obtained is a jiroblem. 
Wliy they have never ])een obtained has been due to the fear of upsetting 
w''ell established precedents by radical chang(\s in methods of tem'.hing. 
Some subjects like emtomology, chemisty, or pathology, can best be 
studie<l in the laboratory supplemented by occasional field trips. With 
pomology, vegetable gardening, or farm (*rops, the laboratory method is 
at best a weak substitute. Skill in fanii operations that have to do with 
seasonal eondition, can only be propc^rly a(‘(|uired by performing the 
operations at the proper lime. 

The Present Methods: Some efforts have already been put forth to 
increase skill in practical work, but opinions liave been divided, there 
has been no uniformity in the efforts and the results have been unsatis- 
faetory. The present methods are widely varied, but some of the more 
important now in use may be listed as follows; 1. The students are re¬ 
quired to secure their training before entering college. 2. Secure it dur¬ 
ing the college <‘Ourse without lielp from the institution. 8. Do prescrib¬ 
ed summer work on apjiroved farms. 4. Give the students the training 
as a part of the college course. 5. Graduate them without skill arid 
(‘ompel them to secure the practices as best they can. 

The defects of the above methods are obvious. The first two throw 
all the responsibility on the students, without aid or encouragement from 
the college. The third, that of practice work on approved farms, has 
been tried repeatedly and only rarely found successful. The student 
feels that he is working in order to learn, while the farmer wants to place 
the man wdiere he will be the most efficient. The student is, therefore, 
kept at one kind of wmrk, without much being accomplished. Asa result 
very few^ farms are available for this method. Where the training de¬ 
sired is in the more specialized branches, such as nursery work, land¬ 
scape, etc., the difficulty is increased. 

The practice of giving the training during the college course is at- 
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tended with many difficulties. Very few institutions are located where 
conditions of soil, climate, etc., are favorable for the varied farming 
braiiches. The equipment is often meagre and much of the fruit and 
vegetable crops are often needed for experimental or demonstration 
work. No college orchard or farm is expected to be run on a commercial 
scale, and the student loses all relation to the economic phase of the 
work. Much of the practice dwindles to mere demonstrations, or to two 
or three hours’ practice where part of the class work and the rest look on. 

1 recall that as a student in one of the best agricultural colleges of the 
country, my practice with a power sprayer consisted in holding the rod 
three minutes and shivering in the cold two and one-half hours while the 
rest of the class took their turn. 

hi two or three colleges, efforts have been made to correct the difficul¬ 
ty by continuing the class work through the calendar year. This makes 
it possible for the student to follow each branch of the work in its season 
and develop skill by doing the work. This is a step in the right direction, 
but is a long way from solving the problem. Where the agricultural col¬ 
leges are so located, where the soil or climatic conditions are unfavorable 
to tli(‘ growing of a wide range of <*rops, the students’ ideas become dis¬ 
torted and they swing to one branch or another in accordance to the de¬ 
gree cd* suecess attained at the college. Students w'hile acquiring skill 
should also have an eye to the business side or to the profits of the work. 
Wh(‘re conditions are favorable, even though the w^ork be scientifically 
directed, results an? not satisfaetory. 

The result of the present syst(?m has been to react unfavorably 
against the agricultural <Jolleges. All through the P]ast there has been a 
strong pn^judiee, among the* uninforined, against college farming. The 
fact that graduates have been unable to do such simple things as harness 
a team, spade in tlie garden, or properly use a hoe, has tended to main¬ 
tain this prejudice and create an lunvholesome feeling against college stu- 
diMits. 

Tlie time was when to admit that you w^en' a college graduate, was 
sufficient to prevent you from being employed in many lines. In my own 
experi(*nce 1 was refused a registry for employment by one of the best 
s(‘ed houses in New York City because I bad a degree in agriculture. And 
repeatedly I have WH)rked in orchards and on farms, and very good ones, 
too, w here it w^is iiei^essary to keep the of a (College training a pro¬ 
found seeret, 

I am glad to note that this tendency is passing and when college 
courses are so perfected that the graduates are skilled in the simple oper¬ 
ations, it will disappear altogether. In the past the department of horti¬ 
culture has had difficulty in placing Maine students in florists establish¬ 
ments where they could continue their work. Now we have a standing 
order from two florists who employ about 300 men, to furnish them all 
the help we can. We are still having difficulty in placing students who 
want work in mirser>’ practice, but this will pass in time. 

What a Stvdent Ought to Know: Just how much to expect of stu¬ 
dents in the way of practical training it is hard to say, and when an at* 
tempt is made to reduce these requirements to writing the task becomes 
t?veu more difficult. At the University of Maine the various departments 
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have been trying for two years to agree upon some set formula which can 
be placed before the students as prerequisites to the regular college work. 
A tentative outline has been drawn up but never put into practice, for, 
obviously, if a definite program is to be required, means for securing tlie 
information must be provided. At present this has not l)een possible. 

The following list pertaining to horticultural subjects, as applying to 
New England conditions, is intended to be only suggestive in the hope 
that a further discussion may work it into a presentable form. These are 
listed under ten lieadings: 

Prerequisites In IloRTicrLTURAL Pu vctk’e Work. 

1. Be able to name, identify and demonstrate the use of the follow- 


ing garden tools: 


1. 

Long hoe 

12. Round pointed shovel 

2. 

Wide liO(‘ 

13. Square pointed shovel 


Cultivator ho(‘ 

14. I) handled shovel 

4. 

Hand weeders 

If). D handled spade 

5. 

Hand trowel 

16. Spading fork 

6. 

Garden reed 

17. Manure fork 

7. 

Lawn rake 

18. Hand seed drill 

8. 

Garden rake 

19. Hand dibber 

9. 

Dnteh hoe 

20. Sprinkling hose 

10. 

Scuffle hoe 

21. Vegetable scoop 

11 . 

Wheel hoe 


2. 

To identify from fruit, leaf or wood, the following fruits: 1, Ap 

pies, 2, Peaches, 3, P(*ars, 4, Plums, 

5, (Mierries, and 6, Quinces. 


To name and identify the following c(>mi))on flowers and shrubs. 


Flowers, 

Shrubs, 

1. 

Peony 

1. Spireae 

2. 

Pansv 

2. Hydrangea 

3. 

Violet 

3. Honeysuckle 

4. 

Tulip 

4. (Syringa) Lilac 

5. 

Narcissus 

5. . Snowball 

6. 

Crocus 

6. Barberry 

7. 

Hyaeiutli 

7. Snowherr>' 

8. 

Dahlia 

8. Japanese Rose 

9. 

Canna 

9. American Rose 

10. 

Aster 

10. Mock Orange 

11. 

Allyssuin 

11. Dogwood 

12. 

Snapdragon 

12. Privet 


4. To name and identify the following vegetables from fruit or 
plant: 
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1. Cabbage 

14. 

Onion 

2, Cantaloupe 

15. 

Peas 

(Carrot 

16. 

Pole bean 

4. (Cauliflower 

17. 

Pepper 

0 . Celery 

18. 

Pumpkin 

6. Beet 

19. 

Rhubarb 

7. Asparagus 

20. 

Rutabaga 

8. ('ueumber 

21. 

Squash 

9* Eggplant 

22. 

Sweet corn 

10. Endive 

23. 

Tomato 

11. Kohlrabi 

24. 

Turnip 

12. Leek 

25. 

Watermelon 


1*5. Lettuce 

5. Be able to plant the seed aud properly tend the plants through' 
the .sunnuer of the above list of vegetables. 

6. Be able to identify the following weeds: 


1. 

Black mustard 

12. 

Ox-eye daisy 

2. 

Wild carrot 

13. 

Field sorrel 

;i. 

Rag weed 

14. 

Canada thistle 

4. 

Poison ivy 

15. 

C^hickweed 

5. 

Orange hawk weed 

16. 

Pigweed. 

6. 

Yellow dock 

17. 

l^urslane 

7. 

Burdock 

18. 

Witch grass 

8. 

Bind weed 

19. 

Wild lettuce 

fh 

I’lantain 

20. 

Milk W(*ed 

10. 

Bull thistle 

21. 

Yarrow 

11. 

Dandelion 

22. 

Buttercup 


7. Be able to identify and give chief methods of handling the follow¬ 
ing field crops: 


1. 

Field corn 

9. Alfalfa 

2. 

Wheat 

] 0. Red clover 

:{. 

Oats 

11. Mammoth clover 

4. 

Barley 

12. White clover 

5. 

Rye 

Id. (Yiinson clover 

6. 

liuckwheat 

14. Vetch 

7. 

Millet 

15. Timothy 

8. 

Potato 

16. Root crops 

8. 

He al)le to identify the following common trees: 

1. 

Rock maple 

12. Heech 

2. 

White maple (silver) 

13. Willow 

3. 

Oak. 

14. AVliite pine 

4. 

Elm 

15. Spruce 

5. 

Box elder 

16. Larch 

6. 

Gray birch 

17. Hemlock 

7. 

White birch 

18. Balsam (Fir) 

8. 

Poplar 

19. Cedar 

9. 

Linden 

20. Chestnut 

10. 

Locust 

21. Butternut 

11. 

Hajcelnut 

22. Walnut 
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9. Be able to use, eare for and regulate the following farm imple¬ 
ments : 


1. 

Walking plow 

12. 

Holler 

2. 

Sulky plow 

i;i. 

Crain drill 

3. 

Single cultivator 

14. 

Totato planter 

4. 

Double cultivator 

15. 

('om planter 

5. 

Horse hoe 

16. 

Crass seed seeder 

(). 

Spike tooth harrow 

17. 

('orn harvester 

7. 

Spring tooth harrow 

18. 

Crain harvester 

8 . 

Disc harrow 

10. 

Mowing machine 

i). 

Drag 

20. 

Potato digger 

10. 

llay rake 

21. 

Farm wagon 

11. 

Hay loader 

22. 

Manure spreader 


10. Ho able to liandlo proi)erly horses or mules in all of the common 
farm 0 ])('rati()ns: 

I do not nec'd to elaborate on this last Question as the numerous 
tilings that one needs to know in order to properly handle a team will 
instantly oecmr to all of you. Some of these things are luirnessing and 
hiteliing a t<jam to the vai'ious tools and adjusting any part that may not 
fit properly, tli(‘ proper use of the eurr> comb, picking up the feet, bed¬ 
ding down, feeding, etc. These ean only be aequired by time and prac¬ 
tice. 

No attempt lias been made to outline* requirements for otlier depart¬ 
ments than horticulture, although any general plan that is put into oper¬ 
ation at any college should take tliem into (jonsideration. Home of the 
points enumerated above woidd overlap when all departments are eon- 
sidered, hut these could he easily adjusted to suit all eoueerued. It 
would hardly be desirable to include anything in sueh a list that the 
average person would not absorb unconsciously by working on a farm for 
two or three years. 

How Secured: In considering this <|uestion from tiu* standpoint of 
time, the j)ractieaj training may be s<*cured before entering college, dur¬ 
ing the course, after graduation, or in combination of the tliree. As to 
the methods available there are hut two, the college and the farm. As 
both of these have thus far been unsatisfactory some new plan ought to 
he devised. 

As to the time necessary for the student to acquire the practice work, 
opinions vary. A number of the horticulturists in the Eastern States, 
whose opinions were secured, placed the minimum at two years and sev¬ 
eral thought that three would be necessary’ for the students from the city 
who have had no opportunity to become familiar with farm life. 

It at on(*e became apparent as this investigation proceeded, that life 
on the farm is necessary for every agricultural student from an entirely 
different standpoint than the acquisition of practice work. It is neces¬ 
sary to create in the minds of the workers a sympathetic attitude for 
rural life. This (fan only he accomplished by contact with the farm and 
the conditions of the open country. The student out of sympathy with 
the country is wasting his time by pursuing any course in a college of 
Egriculture. 
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So important is this sympathetic attitude of mind, that most agri¬ 
cultural college teachers are insisting that the students who elect the as¬ 
sociated pure sciences siiall have this farm experience. All such subjects 
as agricultural chemistry, soils, fertilkers, entomology or pathology are 
most successfully handled by those who know country life. Our exper¬ 
ience at the University of Maine will illustrate this point. For two years 
our teacher of economic entomology was a gradute from the biology de¬ 
partment of one of the best universities of the country, but in which no 
agriculture was given. This teaclier wjis a brilliant student and no fault 
could be found with his knowledge of the subject. But because he could 
not connect up his su])jects with actual farm conditions the course w^as a 
failure. When this man was replaced by an agriculutural graduate, al¬ 
though of less training, the course was a success. 

Thv (\}-iq>cmiirv Plan: We (‘,oine now to the real object of this 
paper, which is to present to you a plan for improving tlie methods of 
tea(»hiug tin* practical work in agriculture. This is a co-operative plan to 
l)e worked out by tlie agri<mltural colleges of stn'eral states or groups of 
stat<‘s. In hriet*. this plan is for the states to ac(|uire specialized farms in 
acc]‘c(litc(l (‘enters of production. A dairy farm should be provided 
when^ dairying is the chi(*f business, from farms fruit will do 

Wf‘ll, trucking farms in the trucking se(‘tions, and so on. If ihm^ (^ould 
})(‘ s(*attcrecl through ten or twelve stat(\s, so much the better. Tlie stu¬ 
dent tluMi, or any j^erson wmiting practical training, could go to these 
farms and gt‘t just what he is lfK)king for. The stiulent could be passed 
from farm t<( farm and a ))roader training and a wither knowledge se¬ 
cured, 

Su(-h a s(*rics of farms, well coordinated, would satisfy the regular 
sludenl. tlu' sliort course man and the (dty man who wants practi(jal 
training along specdal liin^s. The cost to the student would not be ex¬ 
cessive, and his labor would not be a loss to tite institution. The work 
w^ould coiidutc<*d not aff classc^s are in the college, but as any foreman 
would supervise a piece of work. When any student reached a certain 
efficieii(‘y in one line of work be could be passed along to the next and 
not be held back with the less efficient. When the rounds of all farms 
had been made the studemt would tlnui be ready to (‘utcr college, or the 
city man to venture for himself. 

Such a plan would not be over expensive to the states, iis one farm 
in (»ach would suffice. This would avoid many duplications and permit of 
business methods. Less expensive land would be needed at the colleges. 
Experiment stations would tlien be able to test out their own recommen¬ 
dations under field conditions. The farms run on a business basis w'ould 
be partially or perhape entirely self-supporting. And the large number 
of students drawn from the wider areas wmuld take care of most of the 
work. 

Some of the results of such a co-operative plan may be indicated as 
follows: In the first plaice, it would offer a practical solution of the dif¬ 
ficulty in teaching farm work. The results would be satisfactory for all 
grades of students and for any city person who wanted nothing but the 
training. The farms would be so specialized that all branclies of the 
work would be covered. The student who had already acquired the work 
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would not suffer or be liaudicapped in any way. He could pass through 
all the branches in a very short time, it being only necessary to demon¬ 
strate his efficiency. 

The student in passing from one state to another, would come in 
contact with others in the same line of work from other se<‘tions. The 
diffusion of ideas from different places, would make tlie students more 
cosmopolitan and better judges of their own resources. It would broaden 
and enlarge the horizon of the individual. It would provide an oppor¬ 
tunity to observe the methods in the different sections, and the student 
would be better able To choose the place in wlii(*ii he wantc^d to liv(* or the 
kind of work he wanted to do. If this could be recjuired prior to his en¬ 
tering college the experience would be invaliiabh* in helping him to stdect 
his major course, or perhaps, convince him that lie was not suitt^d to 
agricultural work and that fu' had better choose* some other (-areel*. 

The plan would permit of a uniform training for tiie students 
through the several states co-operating, and give the small colleges tiie 
same advantages as the large universitu*s. It would tend to standardize 
the methods and j)ractices and give the col](*ges a bett(*r hold upon the 
rural people, and a larger opportunity in shaping farm poli<'i(*s. And 
above all, it would place the students al)Ove criticism for the lack of abil¬ 
ity to perform the simple farm operations. 

It would still further tend to simplify the work of teaching after the 
student enters (‘ollege. Mn(*h of the laboratory work now necessary eonld 
be omitted, or the time devoted to advanced studies. Just how much Ibis 
would amount to varies in the diftVrejit institutions. la so far as horti¬ 
culture is eoiicernJd, the opinions furnished me vary from nothing to as 
much as thiHy credit hours. A fair av(*rage would be about tlu* ef|uiva- 
lent of one semester’s work. This would mean that the requirements 
for graduation could be reduced, or rather arts subjects substituted, or 
more advanced work given in the major departments. It would prevent 
the necessity of students putting in a lot of time in laboratory work 
covering ground in which they w^ere alreaily familiar. 

In conclusion, it seems evident that some change in present methods 
is necessary and that the above plan will provide for the difficulties that 
now’ exist, and last, that there is no plausible objection why the ])lan 
could not be put into operation. Tt then remains for some organization 
such as this one to take the initiative and start off the work. 


THE PRODUCTION OF SELF-PERTILE MUSCADINE GRAPES. 

By Ch.kri.es Deartng, VnUrd Sfaies Ihparlmvni of Agriculhnr, 
Washington, I>. C, 

Introduction. 

At the Tampa, Florida, meeting of the society, Professor Reimer 
read a valuable paper relative to the self-sterility of Muscadine grapes, 
emphasizing the importance of planting frequent male vines to serve as 
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polliiiizers for the fruit bearing vines. Today it is my pleasure as a rep¬ 
resentative of the Office of Horticulture and Pomology, United States De¬ 
partment of Agriculture, to present a paper reporting upon the self-fer¬ 
tility of a new race of Muscadine grapes which has been brought into ex- 
isten(*p as a result of the United States Department of Agriculture’s 
breeding investigations centered at our Muscadine Grape Experiment 
Vioeyard which is located by co-operative agreement at the State Test 
Farm, Willard, N. C. 

Production (W Sklf-Fkrtile Variktip:s. 

We i-onsider the production of a new hermaphrodite type of Musca- 
dim^ grajic the most important result of our breeding work. It should 
b(‘ fiuphasi/ed tlmt at the time the Department of Agriculture began 
breeding inv(*stigations in 1907, there were no self-fertile Muscadine 
grapes. All the fruiting varieties were self-sterile and dependent on iu- 
stH'ts tn hrii»g fertile pollen from wild staniinate vines. Today we have 
in our breeding blocks approximately 1.000 seedlings of the self-fertile 
t\])e, and some of tliese have been propagated. [»lanted in 10 vine checks 
for further test, and brought to the fruiting stage. 

With tht‘ i)roduction of self-f<*rtile Muscadines four important re¬ 
sults iiave ]«‘en aehieve<l as follows: (1) Opportunity is now* afforded 
lor the lirst time to intfuvrms within the species without using as one 
parent staminate vines of unknown fruiting qualities; (2) the size of 
(•luster has been iuereased, for the self-fertile varieties hiv the result of 
]»erfeetiiig the large-dustenHl staminate bloom rather than the small- 
elustered imperfect herrna})hrodites; (3) greater productiveness has been 
secured, for the self-bu’tih* grapes set as berries from 25 to 50 per cent 
of tile bloom buds, w hereas, the standard but self-fertile variety scupper- 
noiig. for comparison, has set in the sam(» vineyard less then twelve per 
cent of the l)l(X)m buds auntially for the last 6 years, because it must rely 
on insect cross-pollination ; and (4) greater vineyard production as well 
as vine production is now possible, .since the hermaphrodites can be plant¬ 
ed in plat*e of stamiiiates as pollinators of self-sterile varieties. 

The true herma])hrodit(*s have in ea(‘h blossom a perfect, fimetioning 
pistil surrounded by tall, erect stamens containing fertile pollen. The 
staminate vine blossom has merely a whorl of erect stamens containing 
pollen. TIu* imperf<*ct herma])hrodites have a normal pistil surrounded 
hy short, generally remirved stamens bearing sterile pollen. With one 
exce})tion all viiH*s bear only one of these three types of l>loom. This one 
exee])tional vine is most ijiteresting in that it is the missing link in the 
evidence supiiorting the oj)inion that the lunv hermaphroditic type is the 
result of perf(H*ting the staminate bloom rather tlian the imperfect her¬ 
maphrodite bloom. Examination of the blossoms of this vine shows it to 
bear blossoms of all stages of gradation from tnie staminate to true her¬ 
maphrodite. In this gradation it is the pistil that varies in development 
and not the stamens. The stamens are normal and perfectly developed in 
all blossoms on the vine. This vine is more decidedly staminate than 
perfect, but it bore tw^o normal berries containing one and three seeds re¬ 
spectively this autumn. About half of the clusters are staminate and the 
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other clusters have varying numbers of blossoms with the rudimentary 
pistil more or less developed. This seedling is one of a series from one 
pollination operation which also >delded 14 hermaphrodites and 4 im¬ 
perfect hermaphrodites, in addition to the evidence offered by this vine 
we have as proof of the fact that our hermaphrodites came from the 
staminates the following facts: (1) the fom of hermaphrodite blossom 
is like tlie staminate; (2) the size of hermaphrodite blossom is like the 
staminate; (3) the profuseness and conspicuousness of the hermaphro¬ 
dite blossom is like the staminate; (4) on weak hermaphi’odite seedlings 
ruduimentary pistils are occasionally found; (5) where imperfect and 
perfect hermaphrodites have been (*rossed 50 per cent or more of the 
seedlings ^vere perfect hermaphrodites and no more vines resulted, but 
when perfe(*t hennaphrodites and stamin.Ttes w(tc cros.sed, staminates, 
imperfect hermaphrodites, and perfect hermaphrodites resulted; (6) 
the perfect hermapliroditic like statninates began blooming when very 
young; and (7) certain strains or groups of seeiliings show a tendency 
toward rudimentary pistils. 

Tt should be of interest to this Society to learn just how we have pro¬ 
ceeded in Imilding up this new raee of self-fertile seedlings. 

The Department of Agriculture began its breeding work in 1907. 
The crosses that year were made chiefly in a commercial vineyard at New 
Smyrna, Florida, whi(‘h contained the larg(‘st collection of varieties then 
in existence, and was surrounded by quantities of native vines of V. mun- 
soniana and V. rot undifolia, tln^ two series constituting the Muscadinia 
group. In the same year, following the P^lorida work, other erosses were 
made at several places in Georgia, Soutli (>arolina, and North (^arolina, 
where desirable material had been located. The seedlings resulting from 
this work were propagat(‘d in Washington and planted in the expiTiment 
vineyard at Willard, North Carolina, as the first seedling vineyard. 
Later when these seedling vines began to fruit and bloom, two of them 
were found to be true hermaphrodites, perfect-flowered, and self-fertile, 
whereas the other seedlings and all other Muscadine grapes W(Te either 
staminate or imperfect hiTuiaphrodites. The two original true hermaph¬ 
rodites will be designated as and IP in the following discussion: H’ 
was the result of a cross at New Smyrna, P’lorida, between the standard 
self-sterile variety P3den and a wild, dark type, staminate, V, musoniana 
vine. IP was the result of a cross at Medoe Vineyard, Enfield, N. C., be¬ 
tween the standard self-sterile variety Scuppeniong and a light type 
staminate vine. A large number of the seedlings were of tlie same 
parentage as the two hermaphrodites, but staminate or sidf-sterile. like 
other Muscadines. P’rom the two original hennaphrodites other her¬ 
maphrodites have been produced, but the Department of Agriculture did 
not succeed in producing a third hermaphrodite of diRtin<*t parentage 
until this season. As a result of a cross made in 1913 between two seed¬ 
ling vines in the Muscadine Grape Experiment Vineyard at Willard, 
North Carolina, a third hermaphrodite of distinct parentage has been 
produced. This vine, IP, began blooming during the past season, 1917, 
and bore a fair crop of medium size, bronze colored berries in medium 
size clusters. It is a vigorous vine and has set fruit readily under paper 
hags. Its pollen germinates vigorously in sugar solution. It has been 
successfully used to pollinate the standard varieties of other hermaph** 
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rodites, and it has been successfully pollinated with pollen from stami- 
nate and other hermaphroditic vines during the past season. 

Of the two original hermaphrodite seedlings, is V munsonima 
in type, while is entirely F. rotundifolia. The former has small black 
berries in relatively large dusters, while the latter has large light colored 
^rries resembling Scuppemong fruit, though not equal to Scuppemong 
in quality. The self-fertility of the latter is more pronounced. 

Haying produced the two original hermaphrodites, the next step was 
to multiply the type and to transmit the hermapliroditic character to 
other seedlings. IP produced a little bloom in 1911. In addition to 
using this to test the seedling itself (i. e., its pollen, pistiis, and fruit), 
sufficient bloom was se<mred to pollinate two clusters of Eden, its female 
parent. This cross yielded two fruit clusters, one of eight berries and 
one of twenty-two berries, from which 154 seeds were secured. Prom 
thest‘, fifty-four seedlings are now living and fruiting. Thirty of these 
(over 55 per cent) are self-fertile hermaphrodites and the rest imperfect 
hermaphrodites. Apparently the seedlings which, in a normal Muscadine 
cross, would be stairiinates are in this case hermaphrodites, or figur¬ 
atively, pistils have been inseited in the staminate l)lossoms making true 
hermaphrodite blossoms. These s(‘edlings are as a group intermediate 
between their parents. The best are very prolifie, large-clustered, with 
av(‘ras:e*siy.e black berries of good vinous flavor and good quality. They 
are (dosely similar and fully e(pial to Eden, and in addition have the 
hermaphrodite charaxder. The better representatives are i>eing used as 
parents in the breeding investigations. 

After being used in 1911, IP was killed to the ground during the 
severe winter of 1911-12, but resprouted and has not since sbowm injury. 
Vines propagated by cuttings from it are now* fruiting in the variety col¬ 
lection. 

In 1912 sufficient pollen of IP was available to permit limited cross¬ 
ing, from wiiieh one Scuppemong cross, seven dames crosses, and five 
selfed crosses, are now fruiting. The seedling of Scuppemong parent¬ 
age is an imperfect hermaphrodite, hut .subsequent crosses have shown 
that this W7IS merely chance. Had there been more seedlings produced, 
some wmuld undaubt^*dly have l)een hermaphrodites. Of the seven James 
crosses, three are hermaphrodites and four imperfect hermaphrodites. 
One of the hermaphrodites is of tlie dark type and very similar to James 
in fruit quality, while the other six seedlings are of the light type, bear¬ 
ing light fruit, Tlie tw'o light hermaphrodites are much like James in 
habit, but light-fruited. We thus have not only a hermaphro<litie equiva- 
deiit for James in the dark seedling, but in the other two a new type 
which can be described as a hermaphroditic, light-fruited combination of 
flames and Scuppemong. Of the five self-pollinated seedlings of IP, all 
are of the light type, all hennaphrodites, all markedly self-fertile, and 
all very similar to the parent. 

In 1913 sufficient bloom was produced on to pollinate the leading 
varieties, and some of our best self-sterile seedlings. The object of this 
work was to produce hermaphrodites so nearly resembling the' present 
leading varieties in fruit qualities as to permit substitution, and also to 
produce hermaphroditic combinations between the standard variety 
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types. During the season of 1916, the seedlings resulting from this 1913 
work began fruiting, and the results, while not all that might be desired, 
are very encouraging. In addition to some new fruit-type seedlings hav¬ 
ing the hermaphroditic bloom character, we have apparently now 
what might be cliaracterized as James, S<aippernong, Thomas, Eden, and 
Flowers hermaphrodites. 

In 1914 a considerable number of crosses were made, using IP, IP, 
and the better hermaphroditic progeny of IP. Additional work was done 
in 1915. The resulting progeny Ix^gan blooming and fruiting this year 
as two-year-old seedlings. Approximately 85 per cent of these s<*edlings 
w»^hieh began blooming this season have prov(^d to he self-fertile hermaph¬ 
rodites, and a wdde range of fruit characters is represented in the collec¬ 
tion. It is certain that by the time the remaining seedlings in this lot 
have begun blooming next S(*ason, we will havt* over 1,000 liermaphrodite 
seedling varieties, the best of which are in fruit ((iiality full\ equal to our 
present varieties in quality, and superior to th(‘m in siz(‘ of <*luster and 
productiveness. 1 prophesy that in the near future* it will be entirely 
jmssible to dis(*ar(i our pres(‘nt self-sterih* standard fruit varieties and 
substitute for them, not only varieties of self-fertile hermaphrodite type 
Avhich are almost identical in fruit and vine (‘haracters, but also oth(*r 
hermaphrodites presenting new character*s of fruit which combine the 
best qualities found scattered among our pr(*sent varieties. If wi* nve sm*- 
cessful in achieving these results, the i\luscadim* grape industry is as¬ 
sured of a very flourishing future. 


ANNUAL MEETING AT PHTSBURG, PA., 1917 

THURSDAY, DECEMBER 27, 9:30 A. M. 

President Johnson presided over the meeting. Owing to coigested 
railroad traffic, wmr conditions generally, and [)ersonal reasons, the at¬ 
tendance wms verv' light, only 35 members being present. The program 
w^as especially good, and it is to be regrett(‘d that a fidl attendance was 
not possible. 


METHODS IN PURE LINE SELECTION WORK WITH POTATOES. 

By 0. B. WHipr»LE, Montana Ejrp(rimcnf Station, Bozeman, Mont, 

If w^e accept the term in its common usage, a pure line among pota¬ 
toes is a strain established either by hill or tuber unit selection. Both 
methods of isolating pure lines have been frequently used and probably 
more frequently advocated. Either is satisfactory as a means of estab¬ 
lishing these so-called pure lines, provided, that in the case of selected 
hills, single stem hills be chosen. From an experimental viewpoint the 
use to which the pure line is to be put may determine which system of 
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selection it is best to follow. If the purpose is simply to establish a pure 
line as a reliable seed basis for general experimental work, the hill is 
probably the most promising starting point, for it has greater possibili¬ 
ties in rapid increase. If the purpose is to study the comparative yield¬ 
ing powers of pure lines within a variety, with the idea of establishing 
high-yielding strains, we believe the tuber unit system has some advan¬ 
tages. 

We believe pure line selection work merits more careful attention 
from those interested in potato improvement. It is safe to say that more 
satisfactory results would follow jf pure line seed were used as a basis 
for all comparative potato tests. On the other hand, it is very, very 
doubtful whether we appreciate the possibilities or the limitations in po¬ 
tato improvement through pure line selection. There is still need of 
mucii careful w’ork lad'ore the case is really ready for the court. The 
metiiods here set forth are the outgrowth of some four years of effort 
along the line of potato improvement, years of effort wdiicli have really 
yielded, not so much in the way of improvement, as a better understand¬ 
ing of the problems involved. At the present time, Wi* are interested, 
first, in wht'ther higb-yi(*lding pure lines do or do not commonly exist 
within the population of our jiotato varieties, and, second, in the stability 
of desirable cliaractcristics exhiinted by pure lines when first isolated. 


Ski i> Selk(^ti(»x. 


Our early experience witli pure lines w’cre Avith some isolated by hill 
selection. But in this w’ork we ahvays se<mied to lack in numbers. Pos¬ 
sibly our ideals w ere too high, but we could not secure^ a sufliicient number 
of liills measuring up to our standards to carry on a really satisfactory 
test. So, partly due to the labor involved in s<de(^tiiig hills, partly on ac- 
<‘Ount of disappointments over the behavior of the progeny of these hills, 
but chiefly from a desire to work with numbers, Ave have discarded hill 
selection for tin* simpler method of establishing pure lines by choosing 
tuber units. Witliin pui’e lines Ave praetice mass .selection, making special 
effort to s<*leet setul representing so far as is possible the entire plot and 
not the l)est hills within the plot or pure line. We believe that the real 
tset ean only follow mass selection within the pure line, and that we have 
not demonstrated the existence of high-yielding strains within the popu¬ 
lation of a variety until Ave have proven tliat high-yielding lines can be 
maintained by mass selection. 


(i TTING THE SEED. 

Size of seed piece is a factor that must be consiilered in potato tests 
and in our pure line work we have practiced planting seed pieces of uni¬ 
form size. Selected tuber units were first cut to a uniform weight and 
then quartered, giving four seed pieces not necessarily uniform in weight 
but equal in weight to each group of four pieces included in the tests. 
More recently we have designed a cutting tool which greatly facilitates 
the cutting of uniform sized seed pieces. This is a tool patterned some¬ 
what after one commonly used for cutting potato balls used in cookery. 
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It cuts a seed piece practically hemispherical in shape with a diameter 
of one and one-fourth inches and a depth of three-fourths of an inch. 
In actual practice, seed pieces cut with this tool averaged about eleven 
grams, or approximately one-third of an ounce, in weight. Groups of 
twenty seed pieces varied not lo exceed fifteen grams in total weight, or 
three-fourths of a gram per seed piece. This variation in weight was in 
the main due to variation in depth of eyes. While the size of the seed 
piece may seeiri small, a largcn* cutter could not be designed to cut tubei'S 
to good advantage. Under oiir system of planting, these small single-eye 
seed pieces liave given just as satisfactory results as larger seed pieces 
planted in field practice. The fact that groups of twenty hills have yield¬ 
ed 84 pounds of marketable tubers, or at the rate of 1^0,000 })ounds per 
acre, would indictde that the small seed piee(» has not been a serious 
handicap. 

HfZE OF l^J^OTS. 


We adopted twenty hills or twenty-five feet of row as the standard 
size of plot after the first year. While larger plots may be desirable, we 
consider it of greater importance to test a larg(‘ number of pure lines, 
and have cut the size of plot to what vve consider a satisfactory minimum. 

Arrangement of Plots. 

At the present time this station has under test 108 puie lines each, 
of Grefui Mountain, Rural New Yorker and Early Ohio. Th(‘se are tested 
under numbers running from ^100 to 624. They planted eonsecutivelv 
in ranges varying from 9 to 12 plots long, and U to 12 rows wide, the ar¬ 
rangement being varied somewhat from year to year so C(irtain lines do 
not always fall side? by sid<‘ in adjacent rows. We believe that this shift 
in arrangement furriislies a valuabh^ ('heek on soil variation. The t*heck 
plots consist of a single row- of each of t)n^ three varieties under test, 
placed near the center of the range of the corresf>onding })ure liims. This 
row is of the siime length as the range* of plots. The pure line test block 
is surrounded by marginal plantings so that growing conditions may be 
uniform. This is, we h(*lieve, impoi4aiit. Not only will outside* rows yield 
more than inside* rows, hut data securenl at this expe*rim{*nt station ineli- 
cale that, other things being eepial, seed from such rows has higher yield¬ 
ing powers than seed from inside rows. 

Duplicatb of Single Pi/>t Tests. 

We favor single-plot tests, and at present our work is being carried 
on in this manner. We believe that such tests continued over several 
seasons will give ju.st as reliable results as duplicate or triplicate tests 
conducted over a shorter period. Again, when plots are duplicated or 
triplicated we are confronted with a more difficult problem in seed selec¬ 
tion. It is not fair to select seed from one of the plots, and it is very 
hard to select a small composite sample which will fairly represent the 
line. Duplication of plots really involves the saving of seed from each 
plot and the testing of this seed, not as a composite sample, but in 
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separate plots. Tims it seems to us that the duplication of plots tends to 
complicate the -interpretation of results without offering any real ad¬ 
vantages when compared with single-plot tests carried on over a long 
period of years. 

Planting. 

Pure lines are plaided in rows three feet and nine inches apart, and 
in hills fifteen inches apart. Depth of planting is carefully gauged at 
three indies. JManting is accomplished with the aid of a planting board 
twenty-five feet long and containing twenty If inch holes spaced fifteen 
inches apart, and a dibble. The dMAe is provided with a shoulder w^hicii 
allows it to be pushed down through the holes to a fixed depth. The seed 
is then dropped in the hole and covered liefore the board is removed. 
The (*nd holes are placed seven and one-half inches from the end of the 
board so a stuies of units represents a solid row with hills fifteen inches 
apart. 

thTLTVRE. 

Pur(‘ line test plots receive culture similar to that given field stock 
with the exception that hills are thinned to single sterns. Tliis thinning 
is done as soon as the vin<‘S are large enough to pull. On account of 
variation in the number of stems produced even by single-eye seed pieces 
and the direct infiuenee of number of stimis iii)on yield, it w^oiild seem 
more reliable to compare yields of hills with a uniform number of stems. 

Ukcori>s. 

The first record ma(h‘ is a plot showing the arrangement of the pure 
lines in the field. Such an annual record is important, w'c Irelieve, and it 
will 1 h» found of great value in interpreting results. The usefulness of 
such a ret'ord is n'presentiHl in the chart showing tlie relative position of 
the twenty highest and twenty lowest yielding (tlie latter in italics) pure 
linos of Kural Niwv Yorker under tp.st at the Montana Exjieriment Station 
in 3917. This chart indicates how' wuil soil variations are brought out 
by su<ii records. In the final summing up of tests of this kind where all 
the factors must be considered, we believe such an annual record wdll be 
found indis])<‘nsa))le. 

faroful field notes an* kept on the behavior of pure lines as indicat¬ 
ed by growth and vine chara<‘teristi(*s. These notes are of value in many 
ways, but we find them particularly useful in locating so-called degen¬ 
erate types and following their performance throughout the test. Not 
only are we studying those lines that show degeneracy from the begin¬ 
ning, but we are watching for the appearance of degenerate plants within 
all pure lines. Growth records should note particularly comparative 
vigor of pure lines, uniformity of plants within pure lines, character of 
foliage (whether normal or abnormal for the variety) and the uniformity 
of foliage characteristics within pure lines. 

Records must be kept of percentage of stand as, on small plots, yields 
cannot be computed justly without them. We believe also that we must 
go beyond recor^ng the percentage of stand, and record the positions of 
missing hills. While at present we are computing yields upon the basis 
of 100 per cent stand we are sure this is not quite fair and we are in hope 
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CHART SHOWING LOCATION OF 20 HIGHEST YIELDING PURE LINES 
AND 20 LOWEST YIELDING PURE LINf^S (THE LATTER IN 
ITALICS). TEST 108. 

VARIETY—RURAL NEW YORKER—SEASON 1917. 
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of working out a more equitable method. Figured on the basis of 100 per 
cent, missing hills tend to raise the yield for adjacent hills are lienefited 
by vacancies. But three adjacent vacancies will not have the same in¬ 
fluence as three scattering ones, hence, the necessity of a record showing 
the arrangement of stand until we have arrived at some basis of estimat¬ 
ing how much hills bordering on vacancies are benefited. 

We have practiced keeping a record of the number of tubers pro¬ 
duced, both marketable and culls, and the weight of tubers, both market¬ 
able and culls. As we are working with a large number of pure lines, we 
have made no effort to study tuber characteristics of individual selections 
other than to note exceptional characteristics exhibited by certain lines. 
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SOME COREELATIONS IN POTATOES. 

By William Stuart, U}nt('d States Ihpartnu nt of AgricaUun^ 
Washingtoftf 1), C. 

The correlations upon wliieh this paper is based are the result of 
studies which have bwn carried on by the office of Horticultural and 
Poniolopfical Investig-ations in the United States Department of Agricul¬ 
ture. during^ the past three seasons, 1915-1917. The data which are pre¬ 
sented are tlie results of careful studies of the performance of plants pro- 
iluced from whole and cut seed of various sizes. The size of tuliers used 
in tin* ex])erinient varied by ounce graduations from 6 to D/o. The Irish 
(.’obbler variety was selected for this study, because^ it is the variety that 
is almost exclusively grown as an early crop north of Florida, in the At- 
lanti<* ('oastal Plain section. 

Before proceeding further wdth our discussion, it is perhaps desirable 
to add by way of explanation that we do not claim to have made any new 
discoveries, or, for that matter, to have added much to the subject that 
was not alnmdy known. Our object is rather to present the information 
that we have s(‘cure(r in a somewhat different manner than any that has 
heretofore comt* to our attention. Much of tlie experimental work that 
has been eonduct(‘d on the size of S(*ed piece has lieen carried on with a 
too limited numlx'r of plants to make tlie results secured of as great a 
valm* as could be desiri'd from a purely ex[>erimental ])oiut of view% 
There are, boivever, two notable exceptions to this criticism which arc de- 
stTving of mention in this connection. 

These are the contributions of Aiclier^ and of AVelch% which were 
published in Volume 9, of tin* dournal of the American So(iety of Agron¬ 
omy, pp. 217-230, inclusive. 

The r(*sults secured by Aieher and Welch an* in the main ver>" simi¬ 
lar to those which arc presented in this iiiseussion, hut as has been previ¬ 
ously mentioned, th(» data are not handled in quite the same manner. 

Plan op the Experiment. 

In ord(*r to s(‘cure a uniform lot of tubers of the various sizes studied, 
th(*y separated by careful weighing into groups of 6, 5, 4, 3, 2 and 
IV 2 ounces. The variation in either direction from the sizes mentioned 
did not exceed 5 grams. 

Several hundred tubers w't*re included in each lot. Each of these 
carefully weighed groups was then separated into three lots, the first of 
which w^as planted whole, the second halved, and the third quartered be¬ 
fore being planted. By planting thesi^ diffenmt sized seed pieces in ad¬ 
jacent rows, it was possible to make a very careful comparison lietween 

1. Aieher, L. 0. “Whole vr. eiit PoUto tubers for plfttiting oi\ irrigated knd.“ Journ 
of the Am. Sop. of Artoii. 9*217-223. 1917. 

2, Welch, .T. a. “Whole v«. cut potato tuWs for planting on irrigated, lend.** Joum 
of the Am. 8oc. of Agron. 9:224*230, 1917. 
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the plants and tubers produced by each row. This plan was followed 
with the other sized tubers. In 1915 the experiment was planted in dupli¬ 
cate, and in 1916 and 1917 in triplicate. Each of the rows was exactly 
8 rods in lengrth. In 1915, the seed pieces were spaced 14 inches apart in 
the row, while in both 1916 and 1917 they were spaced 16 inches apart. 
In the Norfolk experiment, the rows wen^ always spaced a meter apart 
rather than tJie more common spacing of 34 inches. In Maine, the spac¬ 
ing in the row in 1916 and 1917 was tJie same as at Norfolk, but the row 
spacings were 34 and 36 inches, respectively. 

With such a uniform lot of tubers, so far as size goes, it was felt that 
any variation in the niimlKT of stems per plant, or tubers per plant, and 
in the resultant yield of marketable ])otatot‘s, would be wholly due to the 
influence of the size of tlu* seed j)ieee used. The data taken in 1915, 1916 
and 1917 included the number of, stems per ))lant and the numk^r and 
weight of tubers produced by each individual x>lant. The data taken on 
the tubers of eacli plant in 1915 consisted in separating them into two 
lots. All those weighing above 65 gi*ams (approximately 21-3 ounces) 
were classed as primes, or mark(*table })otato(\s—the remainder being dis¬ 
posed of as culls. In 1916 and 1917 the tubers from each plant were sep¬ 
arated into three lots. Tlie first lot, or primes, (insisted of tubers weigh¬ 
ing over 85 grams (3 ounces) ; the second lot, or intermediates, included 
tubers weighing between 65 and 85 grams; and tln^ third, or culls, those 
below 65 grams. 

The establishment of the intermediate size was made neei'ssary in or¬ 
der to conform to what was thought desirable data to take on the same 
experiment as conducted in northern Maine. For cxami)le a 3-onnce po¬ 
tato in Ar(H)stook County, Maine, should k^ considered tin* minimum 
weight permissible in table stock, whm^as in tlie early trucking regions 
of the South a 65 or (*ven a 50 gram tuk»r would, in most si^asons, be re¬ 
garded as a prime or mcu’chantable tuber. 

Stem Correlation. 

The correlation bidwTcn size of seed used and the number of stems 
produced is strikingly consistent througliout, as is indicated by the 1915 
and 1916 crop at Norfolk, Virginia, and Pr(*squ(* Isle, Maine, and is 
shown in Table I. 

A careful study of these data shovrs a very marked uniformity in the 
average number of stems produced from the sarnie sized s^^cd piece in the 
two seasons at Norfolk. The Maine data, though somewhat less uniform, 
are on the whole sufficiently corrolmrative to furnish convincing evidence 
that the size of the seed pieces bears a din^ct and proportional relation to 
the number of stems produced. 

The data also show quite clearly that the same sized swd pii^e 
planted in Maine produces a larger number of stems than it docs at Nor¬ 
folk. An average of the results secured from comparable data for both 
seasons shows that the Norfolk plants produced 2.89 stems, while the 
Maine plants had 4.05 stems per plant. The only explanation that can 
be offered for this 40 per cent increase in number of stems of the Maine- 
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TABLE I. 

Average number of itmns per plant from different sized seed, as grown at 
Norfolk, Virginia, and Presque Isle, Maine, 1915-1916. 


Size of Seed 

i 

1915 
Norfolk 
average 
number 
of stems 

1915 

Maine 
average 
number 
of stems 

1916 
Norfolk 
average 
number 
of stems 

1916 

Maine 
average 
number 
of stems 

i 

6 oz. whole 

5.07 

j 0.93 ' 

5.80 

7.97 

6 “ halved 

3.02 

4,27 

3.06 

4.94 

6 ‘ ^ quartered 

1.08 

1 

2.26 

1.96 

2.67 

5 ‘ ^ whole 

1 


' 5.13 

7.31 

5 ‘ ‘ halved 



1 

2.00 

4.52 

5 * ^ (juartered 



1.80 

! 2.69 

4 * ‘ whole 

4,38 

5.50 

4.37 

6.25 

4 halvc^d 

2.73 

3.87 

2.45 

3.90 

4 quartered 

1.74 

2.12 

1.56 

2.35 

3 whole 

, 3.50 

4,71 

3.47 i 

5.19 

3 ‘ * halved 

2.28 

3.94 i 

i 

1.91 

3.32 

! 

3 ^ * quartered 


1.80 

1.43 

1 2.15 

2 whole 

3.02 

3.52 

3.09 

4.09 

2 ** halved 

2.00 

2.62 

1.93 

2.33 

1% whole 

7.00 


2.26 



grown plants, is that tlie extremely early planting at Norfolk puts the 
seed in the ground long before the soil has warmed up and bef<»e the 
weaker sprouts have l^n stimulated into growth, before the seed is 
planted. In Maine, on the other hand, planting is usually deferred until 
the middle or latter part of May, when the weather and the soil have be¬ 
gun to grow warm and the seed to la^gin to germinate. Under the latter 
conditions, it is reasonable to expect a larger number of eyes'to start into 
growth. It is also interesting to note the behavior of whole, halved, and 
quartered seed. Take, fw instance, the 6-ounee tubers, the averages for 
the 6-onnce whole, are 5.07, 6.93, 5.80,4.97, or a cmnbined average of 6.44 
stems per plant ; the 6-oance halved runs 3.02, 4.27, 3;06 and 4^4, or a 
combined average of 3.82; and the 6-ounce quartered, 1.98, 2.26. 1.96, 
2.67, or a total average of 2.22 stems per plant. 
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Tuber Correlations. 

The data secured show as striking a correlation between the size of 
set planted and the resultant tubers produced, as has been noted in the 
case of the stems. Only such data are presented as will suffice to illus¬ 
trate the point in question. 

The Norfolk 1916 data show the following tuber averages per plant: 


6 ounce whole, 19.81; 6 ounce halved, 12.09; 6 ounce quartered, 9.65 

^ ‘ ^ 1Q1 p;. r; ‘ ‘ ‘ < 11 fifi. p; «^ ‘ * Q 9.q 


5 “ 

“ 19.15; 5 “ 

“ 11.88; 5 “ 

i ( 

9.23 

4 “ 

“ 16.11; 4 “ 

“ 10.91; 4 “ 

i t 

8.57 

3 “ 

“ 13.63; 3 “ 

10.65; 3 “ 

i i 

8.51 

2 “ 

“ 12.54- 2 “ 

9.11; 




A study of these data shows a ditferenct^ in number of tubers pro¬ 
duced from the 6 ounce and 2 ounce whole sei'd of 7.27 per plant, or a de¬ 
crease of nearly 38 ])er c(*nt. The 6 ounce lialved s(‘ed shows a variation 
of 2.98, or nearly 25 ])er cent; while the quart(‘red stjed showed only a 
variation betw(‘en the 6 ounce and 3 ounce quartered, of about 13 per 
cent. 

Production Correlations. 

Tlh‘ question as to wheth(*r it is advisable to use whole or (*ut seed is 
dependent on wlu'tlier the use of an additional amount of stT‘(l produces 
a sufficient inereasi^ in yield to justify the added cost of the sf‘ed. In 
some se(*tions, and with some varieti(*s, it may i)e a good practiw* to plant 
wholf* seed, whih‘ in otlier sections, and witli other varieties, it may not 
be desirable. The data jiresented in Table II gm^ the yi(‘ld of merchant¬ 
able tubers and of merchantable and unmerchantable (combined for the 
years 1915 and 1916 at Norfolk, and 1916 in Maine*. 

A careful study of the yields secim*d in 1915 and 1916 at Norfolk 
shows a very wide elitference in the two seasons, the 1916 yie*lds being 
nearly double those of 1915. This was particularly true with respeet to 
merehautabh* tubers. 

Jn our opinion, this result is largely if not entirely due to the* differ¬ 
ent character of the growing seasons of 1915 and 1916. The season of 
1915 was dry tbroiighont much of tin* growing period and in consequence 
Thereof the yield was V(*ry materially reduced. This opinion is amply 
substantiated by a eomparison of the data.’ 

In 1915 the cro]) from the 6 ounce wliole tubers averaged 220.4 busli- 
els per acre. In 1916, it averaged 464.8 huslnds, or over 100 per cent 
greater. In 1915, the 6 ounce halveil yielded at the rate of 270.8 bushels 
per acre, while the 1916 crop yielded 420 bushels. The 6 ounce halved 
in 1916 yielded over 50 bushels per acre mort^ than the whole med, while 
in 1916 the halved se(*d yielded over 44 bushels less than the whole seed, 
a direct reversal from that of 1915. 

The answer to this is that the more favorable growing season of 1916 
afforded suitable conditions for the development of a larger proportion 
of merchantable sized tubers, from the whole tubers, than in 1915. It 
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TABLE II. 

Yield ill bushels per acre of merchantable and total tubers, 1915 an4 1916. 


1 

JSize of j 

1 

1915 Norfolk | 

1916 Norfolk | 

1916 Maine 

Merchantable 

BiiHhels 

j Total 1 
Bushela! 

Merchantable 

Bushels 

Tot^ 1 Merchantable 
Bushels. Bushels 

Tutal 

Bushels 

0 

OZ. ulloJC! 

220.4 

520.2 ! 

404.80 

oSS.l'’ j 

200.06 

405.20 

6 

! 

“ hnlvM 

270.S 

527.0 ! 

420.45 

400.30 1 

184.55 

343.7.^ 

6 

‘ ^ (1 ’t M 1 

245.H 

1 

2S0.1 i 

508.50 

403.81 ; 

103.00 

204.50 

5 

' * wliole ^ 


1 

440.45 

540.7S I 

212.05 

380.37 

5 

halv M 1 


! 

414.45 

4fi0.05 ! 

219.97 

350.78 

5 

“ <1 '< '<1 j 



500.0S 

40:5.79 1 

215.22 

300.61 

4 

uliolc ' 

250.2 

558.4 1 


400.48 1 

248.13 

350.92 

4 

“ lialvM 

270.7 j 

I 524.2 

5.85.V5 : 

i 

420.17 i 

210.01 

344.01 

4 

“ <i '1 'd 1 

252.0 i 

: 270,4 

557-0.1 i 

.500.57 i 

238.02 

504.87 

i 

;i 

‘ ‘ \\ 1i(»1p ' 

204.2 

, 552.5 , 

410.45 

; 407.35 j 

182.05 ! 

550.50 


‘ ‘ halv ’d 1 

2;!0.S i 

' 270.8 ’ 

402.01 

: 440.41 ; 

201.50 

507.38 


* ‘ <j ’t M 


1 

577.01 ' 

405.08 ; 

215.10 

1 202,01 


*' w hole ' 

221,7 

i 

: 278.S 

1 

551.14 

! 505.54 1 

100.45 

1 

j 289 44 

o 

j 

“ hah M 

220.0 

1 .,» 1 
' 250.7 : 

505.75 

j 542.58 j 

240.10 

j 329.48 


‘ ‘ wlude 



:i 15.75 

’ 352.25 


1 

! 

1_ 


has alivady b<»on noted that the 6 ounce whole seed produced over 63 per 
cent Tiinre tubers than did the 6 ounce halved seed. Hence, under favor¬ 
able conditions, whole s<*ed may Ix' expected to prcxluee a heavier yield 
than cut seed. There is, however, another factor which must be taken 
into consideration, and tluit is the cast of the schmI. For example, planted 
on th(* basis of th<* Norfolk and Maine experiments, it required 10,000 
sets, or si»ed pieces, to plant an acre. At this rate, the followinfr number 
of jmujids of sets! would be required to plant an acre: 


6 

ounee 

wliole, 3750,00 pounds, or 62.50 bushels 

6 

i i 

halved, 187.5.00 

t V 

“ 31.25 

4 i 

6 

i i 

quartered, 937.50 

( i 

“ 15.63 

f » 

5 

i < 

whole. 3125.00 

4 •, 

“ ,52.08 

( ( 

5 

i i 

halved. 1562.50 

i ( 

“ 26.04 

i 4 

5 

4 t 

quartered, 781.25 

4 i 

“ 13.02 

t 4 

4 

( i 

whole. 2500.00 

i i 

“ 41.67 

i i 

4 

4 ( 

halved. 1250.00 

i 4 

“ 20.83 

44 

4 

44 

quartered, 625.00 

4 i 

“ 10.42 

it 

3 

4 4 

whole. 187.5.00 

4 4 

“ 31.25 

4 i 

3 

ii 

halved, 937.50 

<i 

“ 15.63 

i i 

3 

Ci 

quartered, 468.75 


“ 7.81 

it 

2 

ti 

whole, 1250.00 

<4 

“ 20.83 

4t 

2 

tt 

halved, 625.00 

S( 

“ 10,42 

ii 
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If we deduct this amount of seed from the yield of merchantable 
tubers, which, in our judgment, is where the deduction should be made, 
we have the yields shown in Table III. 

TABLE III. 


Corrected yield in buahele per acre of merchantable tubers 1915 and 1916. 


Size 

of 

Seed 

1 Norfolk 

Maine 

1915 

merchantable 

bushels 

1916 

merchantable 

bushels 

1916 

merchau table 
bushels 

6 

ounce whole 

157.9 

402.3 

143.6 

() 

i ( 

halved 

239.6 

3S9.2 

153.3 

6 

i ( 

quartered 

230.2 

352.9 

177.4 

5 

( i 

whole 


397.4 

160.0 

6 

({ 

halved 

239.6 

38S.4 

193.9 

.3 

i ( 

quartered 


3.-,3.7 

200.2 

1 

4 

i i 

whole 

217.5 

371.5 

207.5 

4 

t i 

halved j 

255.9 j 

363.0 1 

195.H 

4 

i i 

quartered 

222.5 j 

j 

347.2 1 

228.2 

3 

^ < 

whole 1 

233. : 

1 

379.3 1 

150.8 

3 

i i 

1 

halved j 


3X7.3 1 

1S5.9 

3 

i ( 

quartered | 

1 

I 

369.2 i 

205.4 

2 

1 i 

whole \ 

200.9 i 

310.3 1 

139.6 

2 

1 i 

halved j 

209.6 ! 

295.3 I 

135.7 


A careful study of these yields again emphasizes the fact that in 
favorable seasons, the larger the size of the seed used, at least up to six 
ounces, the greater will lx? the resultant yield, and that under unfavorable 
growing conditions such as priwaiknl at Norfolk in 1915, and in Maine in 
1916, the cut seed, as a rule, gave the best results. 

Summary. 

The data presented in this paper can be briefly summarized as fol¬ 
lows: 

1. There is a direct correlation between the number of stems and the 
size of seed piece used. The average number of stems is uniformly pro¬ 
portional to the size of the seed piece used. 

2. There is an equally direct correlation between the size of the seed 
tuber used and the average number of tubers produced. 
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3. The resultant yield from the use of lar^ or small sized seed 
pieces is more largely dependent on climatic conditions and soil fertility 
than on the size of the seed. With optimum growing conditions, the yield 
seems to be proportional to the size of seed used, and disproportional to 
it if the growing conditions are unfavorable. 


BORDEAUX SPRAYING FOR POTATOES IN THE CORN BELT. 

By a. T. Erwzn% Iowa State College^ Ames, Iowa. 

The Corn Belt region possesses a soil and climate peculiarly its own. 
Plant diseases are intimately related to these two factors and consequent¬ 
ly the foliagt'. diseases of the potato in this territory present a distinct 
problem as to tiieir life history and methods of control. 

The deductions made in this paper are based upon investigations, 
(‘OTidueted by tJie speaker during the past five years, at the Iowa Experi¬ 
ment Station. Th(\v repr(^sent typical corn belt conditions in the Upper 
ilississippi Valley, the heart of the com belt. 

The foliage diseases of the potato which are more or less prevalent in 
this region and for which bordeaux mixture is commonly riHjommended 
are late blight, early blight, and tip burn. 

Late Bi loirr. 

At least three* ])ronouneed outbreaks of late blight, Phgtopthora in- 
frstans, have <K*currcd in Iowa in the i)ast half century. This disease is 
more or less common throughout the Upper ]\lissivssi})pi Valley from which 
the com Mt receives its seed supply and is, then^fore, probably intro¬ 
duced into some portions of this territory' every year. Under normal 
climatic conditions it dtx^s not survive* cvem when so introiluced, and yet 
in occasional years it breaks forth in a vinilent form. 

In parts of th(» Ne’W England States late blight is usually present, 
hut fails to develop only in dry y<‘ai’s. In the corn belt conditions are re¬ 
versed. It is usually absent azid its presence in every known instance has 
lH*en accompanied by abnormally w(*t weather and low midsummer tem- 
peratimiS, of which the season of 1915 is an (‘xcellent example. The loss 
in the years of thes^^ epidemics has laum heav;>% The majority of growers 
recognize* this fact and also concede t\w value of bordeaux mixture for its 
control. However, since its re-currence is at a decade and one-half inter¬ 
vals and the potato crop rotatt»s with corn and clover, the general disposi¬ 
tion of the grower is to take his chance on late blight rather than to in¬ 
sure against it. 

Early Blight. 

In the com belt early blight, Altermria solani, commonly makes its 
first appearance as a saprophyte, following tip burn and flea beetle in¬ 
jury. 


1 ETwJn, BuHetine 163, Iowa Eaeperiment Station, April, 1916. 
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Early blight flourishes during a cool S(iason and does not commonly 
appear in central Towa until past midsummer. In the cooler parts of the 
United States it usually appears earlier than this and also in advance of 
late blight, hence, the Uu’in '‘early blight.’' Under corn belt conditions 
the term is really a misnomer, but is adher(Ml to for the purpose of avoid¬ 
ing confusion because it has been so widely used in potato literature. 

Unlike late blight, (‘arly blight is eomparativcdy slow in development. 
The mycelium can often b(^ found in tlie vini‘s two to three weeks in ad¬ 
vance of its ap])earance. Though present, it is held in clieck by high tem¬ 
peratures and low humidity. With tin* advent of th(^ cool fall weather 
and heavy dews its growtli is encouraged. 

Under average conditions early blight may be exj)ected in central 
Iowa any time after tli(‘ middh* of August, and is usually not very com¬ 
mon before that pei'iod. 

By this dat(* th(‘ early varieties, siu'h as the Early Ohio, which is so 
Mudely grown in this r(*gion, and tlu‘ midseason sorts, such as the Irish 
Cbbbler. are r(‘a(ly to harvest. Ov(U* much of the corn belt region the at¬ 
tack of early blight is, tlu'ndore, larg(dy r(‘striett^d to the lat(^ varieties, 
nrinci])ally tlie Kural X(*w Yorker. On this varitdy it (-an usually be 
found on th<‘ foliage during tin* early autumn, but to siieh a limited de¬ 
gree as to be of little economie i'onse<juen(‘e. 


Tip BruN. 

This is the om* very generally pres(mt foliage troubh^ of the potato 
here. It appears in midseason when the plant is taking up th(‘ work of 
starch making in the n(*w tuber, ami hence v(‘ry seriously impairs the ef- 
fi(*iency of the foliagi* system at a most critical j^cuMod. Tip burn, under 
average conditions in the corn belt, probably dof*s mon‘ to reduce the 
potato yields than all of the other foliage diseases (‘ombim^d. It is due to 
transpiration being in excess of absorption. It is probably influenced in a 
measure by soil moisture conditions, but is fundauKuitally a climatic re¬ 
lationship. 

Climatic Conditions Which (‘apse Tip Bcrn. 

A study of the climate for the summer montlis presents some im¬ 
portant facts as to the cause of tip burn and the conditions which induc(^ 
it in the corn belt. 

The important factors affecting transpiration, ar(‘ ttmiperature, rain¬ 
fall, humidity, and sunshine. 

The Temperature Relation. 

In Chart I are shown the normal maximum temperatures for the 
growing season of the potato in Iowa. It will be noted that the tempera¬ 
ture for June is relatively low and that the high temperatures for the 
summer are reached during the third decade of July. It is during this 
period of sweltering heat with a mean upwards of 85'' F. that the corn 
crop jumps and the potato lags. 
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Meon Temperature 
decade* of eoch montH 
DeaMotrte* 3iai«or» 



Humidity. 

A Htudy of humidity, Chart II, indicates a condition the reverse to 
that of temperature. The low point for the summer is reached during 
the second decade of July from which time there is a gradual rise to the 
end of the season. 


Per Cent of Humlditij 
decades of eoch montTt 
PesMoines Station 



Sunshine. 

The percent of ])ossibh‘ sunshine, Chai*t ITT, is relatively low for May 
and September and reaches its maximum during July and August. 


Per Cent of Possito'o Sunsrunt 
Bij det ode* of eocn mpnih 
PesMoinrs Stolion 
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Rainfall. 

The rainfall, Chart IV, is heaviest during the period covered by the 
third decade of May and the month of June. July and September are 


RcitnfoU 

By decodes of each month 
DcoMoines Stoiion 





May 






relatively dry months with a decided increase in precipitation during the 
second decade of August. 

It will ther(‘fore be noted that July and early August present a seri¬ 
ous combination of unfavorable climatic factors for the potato. This 
period is characterized by low humidity, scant rainfall, high temperatures 
and maximum smishim^. 

The ability of the i)lant to withstand adversities is in a measure de¬ 
termined by its i)revious condition. The climate^ for the month of June, 
from the standpoint of humidity, rainfall and tem])(‘rature, is such as to 
induce a vigorous, sappy growth. Hence the plant is illy prepared fth* 
the dry, hot weather and low humidity of July and early August. The 
giving off of moisture is in excess of root absorption during this period. 
As a result, the marginal leaf cells collapse and die, producing tip burn. 

These conditions make corn and unmake the potato crop. The suc¬ 
cess of late varieties is largely a matter of tiding over this period and 
making a prompt recovery with the advent of cool weather and fall rains. 

Susceptibility of Varieties to Tip Burn. 

The two varieties most widely grown in the corn belt are the Early 
Ohio and Rural New Yorker. The Early Ohio is a plant of rather weak 
constitution, sparse foliage and very susceptible to tip burn. The Rural 
New Yorker is a vigorous plant with a rugose leaf peculiarly adapted to 
corn belt conditions. Of a very large list of varieties tested on the Iowa 
Experiment Station grounds, the Rural New Yorker is outstanding for 
heat endurance combined with other necessary qualities of a commercial 
potato. Mr, Carmen deservesKa lasting monument for his contribution in 
giving us this variety. 


Bordeaux Ai»plications. 

With the increasing cost of production, all operations pertaining to 
the growing of the crop are being scinitinized as never before. The grower 
therefore a^s, what are we spraying for? 

Late blight occurs only at wide intervals. Early blight is usually of 
little consequence. The one important thing then is tip burn. 
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Bordeaux spraying to justify itself on a field basis in potato produc¬ 
tion in the corn belt must make good first of all as a preventative of tip 
burn. 

It is not, therefore, a question primarily of applying a fungicide, but 
rather of a physiological response from the use of copper salts for the 
purpose of reducing transpiration. 

The value of bordeaux for this purpose has been clearly established 
under certain climatic conditions. 

Lutman^ of Vermont, in discussing the use of bordeaux in a season in 
which fungous troubles are not present, says ‘^Bordeaux mixture in¬ 
creases the yield from potato plants by the prevention of tip burn and flea 
beetle injury. When plants which are not troubled by tip burn or flea 
beetle are sprayed, yields are not increased.” Smilarly, beneficial results 
from the use of bordeaux in preventing tip burn are reported by Stewart- 
of the New York Agricultural Experiment Station. 

The general trend of field evidence under eastern conditions strongly 
indicates the value of bordeaux for this purpose and also as a stimulant 
causing a greener and more luxuriant growth of foliage. 

On the other hand, laboratory studies seem clearly to indicate that 
bordeaux applications actually increase transpiration. Thus spraying 
might seem to have a tendency to increase rather than check tip bum and 
its use in regions of a dry atmosphere where tip bum is normally severe 
might prove a detriment rather than a benefit. 

Duggar and Cooley'* found that a film of bordeaux facilitate trans¬ 
piration. 

Martin^ reports that **in every instance the sprayed leaves showed 
signs of wilting at some period preceding the time at which the uusprayed 
leaves of the same species began to wilt. This is only what would be ex¬ 
pected in view of the fact that the average rate of water loss' from the 
sprayed leaves is nearly double that from the unsprayed leaves during 
the experimental time period.” Martin® also found that the influence of 
bordeaux on the rate of transpiration becomes effective immediately after 
the spray dries on the leaves. The highest average increase occurs during 
the first two-hour period following an application of the spray. 

Thus on the one hand we have the field evidence favoring the use of 
bordeaux to prevent tip burn and the experiments of the laWatory on 
the other hand leading to a contrary conclusion. 

In the period of the Iowa experiments, the foliage conditions on the 
sprayed and unsprayed plots were carefully studied. On the one hand 
the use of bordeaux did not show the marked results as a specific for tip 
burn that followed its use in the above-mentioned experiments in eastern 
states. On the other hand, at no time was there evidence that it increased 
tip burn, or was otherwise injurious. Whatever difference there was be¬ 
tween the sprayed and check plots was distinctly in favor of those treat¬ 
ed. This was true both from the standpoint of yield and foliage condi¬ 
tions. Furthermore, the results were cumulative and the highest total 
yields came from the plots receiving the greatest number of applications. 

1. Bull. Vt. Afitl. Exp. Sta.. 196i4 

2. B»n. N. y. Aiprl. Exp. Sto., 311:37. 

3. Mo . Bot. Oar^. 1: 1-22; 86J-366. 

4. Journ. Affrl. Res., 8:536. ' ^ 

5. Jowrn, Agrl. Res., 7:529. 
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The percentage of culls was higher, however, in the seven sprayed 
plots than on the five, consequently the marketable yield from these two 
were about the same. 

The yields on the various plots were as follows: 


Average yield in bushels per acre for live year period of Rural New Yorker 
sprayed with Bordeaux Mixture. 


i 

N umber of j 

Applications 

1 

‘ 

Total yields 1 
per acre ! 

Bushels 

i 

Marketable j 

yield per i 

acre 

Bushels 1 

ll 

u 

O efl PQ 

! ® ? iC* 

1 fc-i ® ® 

j to Vt 

Cl; !->■ X 

(y 1 Qj 

! 2 £ I 

a* 5 (5 S .2 

Per cent of 
gain over 
marketable 
yield due 
to spraying 

3 

130.2 1 

114.3 1 

15.9 

12.2 1 

10.4 

10.0 

5 

J39.1 

120.9 ' 

18.2 

13.1 ! 

17.0 

16.3 

7 

142.1 

121.5 

20.6 

14.5 i 

17.6 

16.9 

(/het’k 

120.9 

103.9 ' 

17.0 

14.1 




It will be noted that in going above five applications we reach a 
diminishing retuni and the net gain is not sufficient to justify the two 
additional applications. On the other hand, three applications were not 
sufficient to justify the expense. Expressed in terms of percentage the 
total gain in yield in the Iowa experiments from five applications aver¬ 
aged sixteen percent, which seems to correspond favorably with the per¬ 
cent gain in the Geneva experiment in the years in which late blight and 
early blight were not present. 

The labor cost for one if not two of the applications .should be can¬ 
celled as the bordeaux can bi* added to the ins(*cticide which must be ap¬ 
plied in any case. The bordeaux also aids in the control of flea beetles. 

The Iowa experiments relate wholly to late potatoes, the Rural New 
Yorker being the variety used. 

On the average, tip burn is much more severe on (“arly potatoes than 
on late. It is, therefore, possible that the results from bordeaux applica¬ 
tions on early sorts will give a wider difference in favor of the spray 
pump. This phase of the question we hope to have more complete infor¬ 
mation on later. 

The spray pump has revolutionized the fruit industry as an agency 
for the control of fungous diseases. In the case of the potato crop in the 
com belt the basic idea is that of using bordeaux for a physiological re¬ 
sponse, primarily. In this respect the proposition is distinctly novel, and 
if successful, will open up a new field of activity for bordeaux which may 
prove far-reaching. 
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EXPERIMENTS IN SELEOIING TOMATOES FOR WILT RESISTANCE. 

By C. E. Durst, University of Illinois, Urhana, Illinois, 

Fusarium lycopersici, which is the caiLse of a serious wilt of tomatoes 
in practically (ivery imi)ortant trucking section of the South, has within 
recent years become a serious obstacle to tomato ji^rowiug in Southern Illi¬ 
nois. The Department of Horticulture of the University of Illinois, real¬ 
izing the nature of the situation, be^an a series of investigrations in 1913 
which had for their object the reduction of darnag^e from this disease. 

A plat of j?round was used which had become thoroughly infected 
with tile organism. Suflicient fertilizers were used to make it possible to 
grow lomato(*s (continuously for the five years. 

Attempts to control the disease by the use of common salt, limestone, 
and liine-sal})hur residiu* resulted in failure. 

In 1913, 48 varieties were t(‘sted. This nunilx^r was incr(‘ased to 61 
in 1914 and to 65 in 1915. As a result of these tests, some varieties were 
disc a‘d(‘d and thi‘ iiumlxT was thus decreased to 43 varieties in 1916 and 
to 23 in 1917. Thes(^ tests sliow that susceptibility to Fusarium differs 
considerably in different varieties. Unfortunately, those which exlxibit 
th(* greatt‘st resistance are for the most [)art lacking in important mar- 
k(*tablc r(‘quirements, being of too late maturity or having fruit of unde¬ 
sirable size, color or shape. Of the* varmties tested, the Paragon, Perfec¬ 
tion and N(uv (^entury are probably the best of the red-fruited varieties 
for Soiitluuui Illinois conditions. The Earliest Detroit is the most prom¬ 
ising of the red-fruited sorts tesbxl. 

As a result of selection, strains have been develo])ed from varieties 
j)ossessing desirable marketabh* characteristics which are ca})able of liv¬ 
ing through the season in thoroughly infected soil. Of a large number of 
selections made, those, from the varieties New Century, Paragon and Im¬ 
perial, an^ the most promising. In 1917, a selection from New Century 
bore 5.36 i>ounds of marketable fruit ptw plant before th(‘ close of the ship¬ 
ping season on S(q)temlKT 10, while the stock obUuned originally from 
the seedsman produced only 2.87 pounds ptT plant. Om* selection from 
Paragon produced 5.73 i)ounds and another 4.79 pounds per plant as com* 
pare(l with 3.5 jxounds from the seedsman’s stock. A sedet^tion from Im¬ 
perial i)rodue(xl over two times as much fruit as the seedsman’s stock 
from which it was developed. In these cases and in others the selected 
strains showed a much higher degree of resistance to the wilt than the 
stock originally obtained from the seedsman. 

Note—^T his is only a digest of the address given at Pittsburgh. The complete address 
will be ptiblished by the TJniversity of Illinois at some future date. 
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OOMMEECIAL EVAPORATION AND DEHYDRATION OF FRUITS 
AND VE0ETABLES. 

By E. L. Kirkpatrick, Cormll Vnwmityy Ithaca, N. Y, 

An increased production of perishable crops, along with a shortage 
of tin and glass containers, caused a nation-wide interest i]i drying, evap¬ 
orating, and dehydrating the past season. While the United States De¬ 
partment of Agriculture, as well as many of the state experiment stations 
and state colleges, did a large amount of investigational and extension 
work in home drying as a means of presi^rving surplus garden produce, 
the problem of eommei'cial evaporation and deliydration was given little 
or no consideration. 

The terms dried, evaporak^d, dehydrated, and desiccated, as applied 
to fruits and vegetables, are more or less eoiifusiug to the public mind. 
While certain authorities class the four t(*rms as synonomous, others des¬ 
ignate dried or evaporated products as thos(‘ from which the moisture lias 
been removed with little or no regard to tiie dc^gree of heat used, and de¬ 
hydrated or desiccated products as those from which the moisture has 
been driven at a relatively low temperature, jireferably 120 to loO de¬ 
grees F. In our discussion we need not confine ourselvt^s strictly to any 
one of the four terms. With a uniformly-coiitrolh'd tein])eratur(‘. under 
favorable conditions, it seems that certain dehydratj^l products might be 
turned out on the kiln evaporator. In order to limit tl)e scope of cur sub¬ 
ject, dried products, which are usually considert'd as those preserved in 
the sun’s rays or over the kitchen range, for home use, will not he dis¬ 
cussed ill this paper. Desiccated will be considered synonomous with de¬ 
hydrated. 

Evaporated fruits and vegetables, mainly fr'uits, are products of the 
kiln type of plant which has stood the practical test from the standi)oint 
of economy of operation and of quality of certain pro<lucts turned out. 
The kiln plant represents the third step in the apple evaporation indus¬ 
try in this countr}% having replae(‘d the box and tow^er dryers when Ger¬ 
many refused our apples dried on zinc-coated trays. Kiln plants, while 
operated much more economically than most ty])es of dryers or evapor¬ 
ators now in use, will not give satisfactory r(‘sults with all kinds of pro¬ 
duce. Potatoes, peaches, and sweet corn, for example, must be dried in 
thin layers if a fii*st class ])roduct is to lx* secured. On the other hand, 
apples and berries, as well as many kinds of vegetables, can be dried in 
layers of from 3 to 8 inches and are handled satisfactorily on the kiln 
plant. During the past four years immense quantities of vegetables pre¬ 
served on the kiln evaporators of Western New York and certain pro¬ 
vinces of Southeastern Canada, have lieen used in England and Prance as 
an army ration. Should our commissary department see fit to use evap¬ 
orated products or should the food situation become seriously acute* in 
this country owing to a shortage of cars for moving green produce to the 
consumers, New York State has from 500 to 1000 plants, ranging in size 
from 2 to 10 kilns each, ready for operation at the first call. Moreover, 
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practically all of these plants are located within hauling distance of the 
muck and upland vegetable producing centers of the state. 

In the kiln plants produce ready for processing is spread on a slatted 
floor below which is located a hot air furnace with a coil of ten-inch pipe 
connecting it to the chimney. Heat radiating from the furnace and fur¬ 
nace pipes passes between the floor slats, through the produce, and out 
at the large roof ventilator above the center of the kiln, moisture laden. 
Temperature and time required for drying differ with the kind of produce 
the depth of loading, the number of times turned, the moisture content 
of the outside air, and the efficiency of the drying plant. At a tempera¬ 
ture of 110 to 150 degrees F., 7 to 24 hours are required for drying ap¬ 
ples, carrots, turnips or cabbage spread from 4 to 10 inches deep on the 
kiln floor. All the produce must be finished off in the curing rooms 
(sweated) by shoveling it over and back s(^veral times per week. 

In modern dehydrating plants, produce on wire trays, spread in a 
single layer or to a depth of 1 to 3 inches, is dried in a steam heated cham¬ 
ber in approximately on(*-third the time required in an evaporator. 
While the chaml>ers in many evaporators are fitted with power-driven 
fans or movable deflectors of some sort to keep the air in motion, several 
plants are giving satisfactory results without such arrangements. Sev¬ 
eral of the more modern outfits are equipped with temperature boosters 
or with automatic exhaustion regulators. As yet the dehydration sys¬ 
tem is in an early stage of development. The initial cost of the plants 
offered for sale, together with the cost of installation and the large 
amount of labor needed in loading and unloading the trays, favor a wider 
use of the kiln plants. However, the ability to sc'cure a first-class product 
from practically any fruit or vegetable, without the use of sulphur or 
other bleaching agent, points to a successful future for the deliydrator. 

Whether it be evaporation or dehydration, let us define the system 
as the removal of raoistun' from produce, to such a degree that the pro¬ 
ducer will k(*ep under ordinary conditions, without deterioration. Pro¬ 
vided the moisture is properly removed to a certain desired stage, that is, 
removed with sufficient heat to accomplish the purpose, only, the cell 
structure of the product is left intact or undestroyed. The dehydrated 
product resumes its natural shape and, with slight allowances, its color 
and quality when placed in water for a certain length of time. This neces¬ 
sitates that the prcKiuct be not dried to a crisp state or to a point of car- 
melization, but that from 6 to 25 per cent of its water content be re¬ 
tained. 

Practically no undesirable change should result during the dehydra¬ 
tion process. According to certain scientists, the right degree of heat 
should favor changes similar to those which occur during the natural rip¬ 
ening of the fruits or vegetables and should tend to soften the crude, 
fibrous parts. Whether or not such is the case in actual practice remains 
to be seen. 

Certain principles must be strictly adhered to if evaporated or de¬ 
hydrated products are to be a commercial success. It should be borne in 
mind that nothing can be added to the product during the process. Ex¬ 
periences of 8 number of men in Western New York State during several 
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seasons past bear out this statement. Produce which goes into the plant 
as culls (jomes out as culls. Only lii*st-elass produce should be used. This 
does not mean that small-sized or off-shaped specimens cannot be used to 
advantage. Rather, the pro(^ess of evaporation or dehydration should be¬ 
come a means of utilizing surplus jiroducts of good quality. Washing, 
peeling and blanching should be thorough. Some manufacturing firms 
argue that, in order to cut labor costs iji operating their plants, vegetables 
need not be peeled. That depemds, how(‘V(*r, upon the us(‘ to which they 
are to be put. Although we class potatoes cooked in their jackets as hav¬ 
ing the higher food value, we like our potatoes for Sunday dinner with¬ 
out the peelings present. Authorities differ on the method as W(*ll as on 
the amount and tlie value of blanching. Scientists claim tliat blanchijig 
and paiffial cooking. pr(*vions to ])rocessing, fixes the ehloroi)hyll and opens 
the ])or(‘S, thus letting out moisture and aeriil substanc^es more readily. 
The result of our e\i)erience is a superior proclmd without blanching, 
with tlu^ exception of swe(d corn, potato(‘s and i>ossil)l\ one or two others. 

I)e])th of loading the trays, humidity of liie drying chamber and of 
the outsid(* air, temperature and tiim^ used in drying, as well as the final 
moisture cont<‘nt of the product, nmsi l>(‘ studied and standardized in so 
far as possible. Bleaching agents--sulphur dioxide and citric acid,— 
should l)e used as si)aringly as possilHe until sufficient expeuiinental work 
has been done to i)rove tluur ns(‘ nnharmful. 

All efforts must be dir(‘eted towards getting a uniform ]>rodnct 
throughout. Since* (l(*hydrate‘el foods can be easily ship])(*d the* eonsumer 
is likely to re^e^eive his led from any section of the country where* gr(‘(‘n 
produce mn be grown (*asily. (rive*n a good quality product with suffi¬ 
cient information regareling its use* once, he will buy again. Given a ]K)or 
prejeluet at any time, he* will ee*as(‘ to buy altog<*the‘r. 

Neat and attractive containers must he useei in getting the* jiroduct 
before tlie* hous(*wife and the emnsnine*!*. Dediydrated food is not a bulk 
food. It must be handl(*d in small (piantiti(‘S. On each package should 
appe*ar dire*ctions for re*storing the product to its original shape*, along 
witli several gooil recipexs for its use. 

Dehydrated foods may ne*ve*r gain the* poinilarity of canne‘d foods. 
They are not enK*rge*ncy foods, exee*pt in rare cases. The* housewife must 
plan one day for her meal from de*hydrat(^d fooels for the* next. Ye't we 
have no re*ason to believe that the interest slmwn in lliem during the* past 
season will subside with the present War for l^e‘ace. Nor do we know that 
the war will cease befoi'e^ de*hydrate*d foods liave* b(‘eome* article»s in the 
average family diet. 

During any period of congestion in freight traflSe, as we* have at 
X)rt*aeiit, it se(*ms unwise^ to ask that 6 or 8 tons of water be moveei with 
every ton of real food; for, we must beai* in mind, the* wa^<*r content of 
practically all fruits and vegetables ranges between 75 and 95 per cent. 
Fresh tomatoes are 94.4 per cenit water, ee*le*ry 94 per cent, cnions 93 per 
cent, spinach 92 per cent, carrots 88 per ce*nt, squash 86 per cent, apples 
84.6 per cent, sweet corn 81 per cent, and potatoes 78 per cent. When 
properly processed 100 pounds of fresh onions will produce approximately 
8.5 pounds of the dehydrated product. One hundred pounds carrots will 
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produce 10 pounds, WO pounds squash, 5 pounds; 100 pounds cabbage, 
8 pounds; 100 pounds celery, 7 pounds; 100 pounds spinach, 7.5 pounds; 
100 pounds apples, 15 pounds, and 100 pounds raspberries, 15.5 pounds. 

A means then of reducing the water content of produce, against add¬ 
ing water and in some cases sugar, as is added in canning, thereby reduc¬ 
ing the original bulk of the produce to lor tV cutting the cost of 
transportation by half, and changing a perishable food to a non-perish¬ 
able, should be a matter of great concern to horticultural scientists, as 
well as to the average producer and consumer. In handling dehydrated 
products the public will not be confronted with the serious problem of 
storing bulky or perishable crops. The use of parchment-lined or para- 
fined pasteboard containers will be found a ready means of holding pef- 
ishable crops over until needed by the public, thus avoiding price-cutting 
due to gluts in the markets. Two market gardeners, one in New Jersey 
and the other in Massachusetts, who have started operations along this 
line, are being eagerly and anxiously watched by manufacturers of dehy¬ 
drating outfits, as well as by the consuming public. 

While, as yet, the amount of vegetables preserved by evaporation is 
small, in comparison with the amount preserved by canning, quite the re¬ 
verse is true.in regard to fruits. According to the United States Census 
report for 1910, the total pack of canned fruits for 1909 was slightly 
over 5,501,000 cases, while the pack of evaporated fruits was over 400,- 
000,000 pounds. Reducing the bulk of raw fniits for each pack to the 
same basis, we find that approximately 164,000,000 pounds of raw pro¬ 
duce were canned, while 2,400,000,000 were evaporated; the ratio of raw 
fruits used being. 1 to 15. The figures for 1909 are in practically the 
same ratio as those of 1904 and of 1899. It is not unreasonable to pre¬ 
dict that the system used so extensively in the preservation of certain 
kinds of fruits will be as widely used in the preservation of certain kinds 
of vegetables in the future. 

What then shall be the attitude of the scientist or investigator to¬ 
ward this means of preservation and conservation of foods? Should he 
consider the process as nothing more than a war measure ? Canned foods, 
which are so popular at the present time, came about through war meas¬ 
ures of a century past. The science of canning was for many years con¬ 
sidered a secret known only to the processor who sterilized the product. 
Shall we consider the dehydration system a secret similarly known only 
to promoters anxious to sell high priced outfits or patent rights, or shall 
we undertake an immediate investigational and experimental study of the 
process in order that producers and consumers may know of its actual 
value ? 
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CORRELATIONS BETWEEN FRUIT AND FOLIAGE IN STRAW¬ 
BERRIES. 

By B. S. Pickett, University of Illinois^ Urbam, Illinois. 

The correlation and association of characters in plants are matters 
of recog^nized importance from several standpoints; therefore, it is not 
necessary to devote time to an explanation of their meaning or to a dis¬ 
sertation on their significance. It is the speaker’s aim in this paper to 
present certain facts determined by comparing numerous measurements 
of the fruit and foliage of 900 seedling strawberry plants, and mindful 
of the sentiments expressed by this Society at its session in 1916, and of 
aji intimation more recently express(‘d by the chairman of the program 
committee, to describe in some detail the processes and methods by which 
the results were arrived at. 

Although obstirvations were made on several characters of the fruit 
and foliage of strawlKirries, the results presented here will show the rela¬ 
tion between (1) the average weight of berries and the average area of 
the leaflets, (2) the total production of fruit and the total area of the fol¬ 
iage, (3) the number of leaves and the number of berries. 

If scientific method be analyzed, it will be found to comprise (1) ac¬ 
curate observation of facts, (2) careful notation of the observations (3) 
arrangement of the notations, (4) conclusions. Observation and notation 
go hand in hand in this experiment and therefore, are presented together. 

The experiments were performed several yetirs ago in the gardens 
of the New Hampshire Agricultural Experiment Station at Durham, New 
Hampshire. The seedling were crosses involving seventeen varieties, 
Almo, Brandywine, Cardinal, Clyde, Ernie, Fairfield, General De Wit, 
Glen Mary, Hummer, Marshall, North Shore, Pan American, Parson 
Beauty, Sample, Senator Dunlap, Uncle Jim, and Wild Wonder; thus 
sufficient variation for the study seemed reasonably assured. The seeds 
were germiiiated in six-inch pots in the greenhouse, pricked into two-ineli 
pots as soon as large enough to handle, and transplanted to the garden in 
the spring of 1908. They were planted in a well-drained sandy soil rather 
lacking in humus but well fertilized for several years with commercial 
fertilizer supplemented with light dressings of stable manure. The plants 
were set in rows 30 inches apart with 18-inch intervals between the plants. 
The hill system of culture was rigorously followed throughout the season 
and a uniformly successful stand of plants was obtained. 

Thus far the work presented no difficulties beyond the continued 
vigilance necessary to remove the runners as fast as they appeared. But 
with the harvesting of the fruit came a serious problem in organization, 
^cords were made of the weight, volume, color, form, and seed character¬ 
istics of each berry. As the plants were of remarkable size and vigor, 
many producing upwards of 100 berries and a few upwards of 200, the 
recording force had to be quite large, and as only one skilled assistant was 
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available, the recorders had to be trained, record forms devised, and ab- 
bivviatioiis invented in order to insure accurate and rapid work. 

The berries were all harvested by one man. Each plant was marked 
with a 12-inch numbered label. The fruit was picked into paper sacks 
numbered to correspond with the plant, and carried to the recording 
room. The recorders worked in pairs, one person making the observation 
and the assistant noting the result on the blank provided. 

The method of weighing and determining the volume was novel and 
expeditious. The apparatus used was a “jolly balance,” a weighing in¬ 
strument familiar to all students of Physics. Essentially it consisted of a 
coiled spring, a graduated rule, and a mirror. The spring was very small 
piano wire, loosely coiled so as to respond delicately to the light weight 
of a berry. It was adjusted to read 1 gram per centimeter on the scale, 
which in this case was a meter stick graduated to millimeters. The ber¬ 
ries were placed in a tea basket suspended from the lower end of the 
spring, the basket counterbalanced simply by moving the scale so that the 
zero point would be opposite the pointer. The weight was read where the 
pointer in the mirror appeared to touch or line with the pointer on the 
scale itself, thus insuring accurate reading of the weight. To obtain the 
volume an inverted scale, based on the relation between specific gravity 
and buoyancy, was placed on the measuring stick, the volume being read 
directly when a glass of water was slowly raised so as to submerge the 
basket and the berry. It was necessary to perform this operation delib¬ 
erately to permit the escape of the air through the meshes of the basket 
and from beneath the lobes of the calyx. Two or three days were devoted 
to tlie perfecting of the weighing apparatus before the harvesting opera¬ 
tions began and refinements of the system were developed as the work 
j)rogressed. 

Eerry descriptions were facilitated and standardized by several de¬ 
vices. Ooloi’s were described as scarlet, crimson, and maroon, green tips 
being noted wlum they* occurred. Fresh sample berries of these colors 
were placed before tlie describers each morning for reference and eom- 
I>arison. Forms were descrilied as round, conic, wedge-shaped, cock¬ 
scomb, and irregular, and were illustrated by sarnphi berries. The seeds 
were described as to color and location, scarlet, yellow, and maroon for 
colors and superficial or imbedded for location. Inttirmediate characters 
were described by combining the terms, thus, crimson to maroon, round 
to conic, etc., but descriptions of this kind were not encouraged. 

Immediately after the close of the picking season, the living leaves 
on each plant were cut close to the crown, tied in bundles, labelled, and 
pickled in formalin solution. During the following winter 20 leaves 
chosen at random from each bundle were measured with a planimeter. 
The wet leaf, soft and flexible, was spread on a blatter, covered with a 
sheet of glass to hold it flat, and the perimeter of each leaflet traced 
through the glass. 

Having observed and noted the facts we come to the tliird step in the 
formula, arrangement of the notations. This involved first a summary of 
the data. So feir as the mathematical observations were concerned, this 
process, though tedious, involved no great difficulties. The additions 
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were made on an adding maeliine and were cheeked by comparison of the 
machine slips with those of the original record sheets. (The other rec¬ 
ords, 1 regret to say, still remain uiisummarized.) All the mathematical 
data were then brought together in tabular form on a special sheet. 

From the summary thus prepared wen* constructed correlation ta¬ 
bles which gave a mathematical expression for tht* relations which we 
were studying. Most of tin* members present are familiar with the con¬ 
struction and theory of tin* correlation table. 

The results obtained in this manner showed that the cori’t'lation be¬ 
tween 1h(‘ number of leaves and the nunilK*r of berries was .4792 ± 
0.002165; that tlie correlation between the average an‘a of tlie leaflets luid 
tlie av(*rag(* weiglit of the fruit was .28904 ±: 0.00456; and tin* correlation 
between tin* total area of the foliage and the total weight of the fruit was 
.7503 ± 0.001212. 

From the standpoint of i)ure seiejiec* the results just stated are con¬ 
clusions, but from the standpoint of the horticulturist they may be re¬ 
garded m(*rely as a eo!iv(‘ni»*nt summary or ass(‘mbl\ of tin* facts, a work* 
ing formula, if you ihease. It remains, then, to weigh and judge these 
assembled facts, so that their application may he nunh* to ])lanl breeding 
.and general culture, this making the tinal step in tin* scii'iitific imghod, 
the conclusion. 

No one individual can foresee all tin* applications of any general 
truth. Those interested in <*orr<‘lation sMulies uill int(‘rpr(‘l the data in 
the light of their own research and ex[)erienei‘. The speaker will under¬ 
take to point out, thi‘refore, only three tyi)ical conclusions. 

Since the correlation betw(‘eii thi* total amount of foliage and the 
total production of fruit was verv iarg(‘, i. e., 75 ja^r cent, a)ul since the 
oth(*r correlations were not inconsiderahh*. tin* e\ja‘riment<‘r was imme¬ 
diately tem])tcd to regal'd the n*sult as of great value to the sirawlieriy 
breeder in the selection of sciallings. An examination of tla* summary or 
of the correlation tables showed. howev(*i', that many ])romisiiig seedlings 
would be discarded if the foliagi* clunauaeristies alom* wei'i* used as a 
criterion of the performance of tin* plants. Tlu* (piestion tlu*n arose, 
^'Will tlie advantage of reducing the nnmlier of seedlings by selection 
based on the correlations discovered com])cnsatc for tin* risk of losing 
valuable seedlings?” And the first of the three* conclusions was this: 
^‘the value of knowing these correlations, as a means of facilitating selec¬ 
tion in strawberries, is not great, for the reason that this species is so 
easily propagated and so quickly brouglit to maturity that compl(‘tc ob¬ 
servations may be made so easily and cheaply as to rtuider it unnec(*ssary 
to risk the loss of valuable plants by S(*h*(!tions made in the seedling 
stage.’’ 

(Joiiclusion number 2 is more satisfactory from tlie standpoint of its 
application in plant breeding, viz.: — tliat possibly, not probably, similar 
correlations exist in fruits which are slow to mature, and that the prin¬ 
ciple that has proven true in strawberries may be applied in tree fruit 
selection; at the least it encouragf*s similar investigations of correlations 
between fruit and foliage in tree and bush fruits. 
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The third conclusion is the most interesting of all to the writer—the 
significance of these correlations to the general culture of fruits. For 
the relaticnships observed indicate that, so far as strawberries are con¬ 
cerned, abundance of foliage and high production go hand in hand. 
Therefore, not only variety selection but all that good culture implies 
should be effective in increasing yield. Again, this principle possibly, 
even probably, applies to other fruits as well, and at the least, challenges 
the experimenter to investigate the subject still further. 


AN INVESTiaATION OF THE INTERRELATION CF STOCK AND 
AND SCION IN APPLES. 

By J. K. Shaw, Massachusetts Agricultural Expvrimi nt Station, 
Amherst, Mass, 

To what t'xteiit the setHiliiig root system of our grafted orchard trees 
iiifiuence tlie growth and fruitfulness of the individual trees is one of the 
many unsolv(*d problems of pomology. The question is often asked and 
we have (Ui record numerous observations, but so far as w(‘ are aware no 
thorough, long-cojitinued investigation of the problem liad until r(*cently 
betoi muJertaken. 

All througli England, but especially in llie southern part, there 
an^ many top grafted trees. JMaiiy of them liave been grafted by the in¬ 
sertion of a single si'ion in the trunk of the tree, la nearly every case the 
point of union is very evident. Often the trunk diamet(‘r is greater above 
than below the union. Occasionally the reverse is true, hut such cases are 
miieli less frequent. Most to]> worked trees are Baldwins and there is 
great variation in the size and vigor of the top and in tlie fruit, some of 
whi('h may be reasonably ascribed to influence of the stock. 

Tli(‘ effect of various dwarfing stock furnishes us most of our knowl¬ 
edge* o!i this ])rohlem and doubtless the Doucin and Paradise stocks used 
for tliis ])urpose are merely varieties similar in their effects to Northern 
S])y and Oldenburg. 

Many of the ohservatioiis on the interrelation of stock and scion are 
based on trees in which the b(*aring top is one variety, the trunk and ])er- 
haps a part of the root system is another variety, and a part or the whole 
of root systems are unnamed seedlings. In the investigations at the Mas¬ 
sachusetts Experiment Station now under eonsidiiration, each individual 
tree is root, trunk and top of a single varudy, or in most cas(»s, the root is 
on(‘ known and named variety, and the trunk and hraneiies are another 
variidy. 

Jt being evident that a thorough-going investigation of tliis problem 
was an undertaking involving many years of painstaking study and a 
considerable expenditure of funds, we tided first of all to lay a solid foun¬ 
dation of well-considered plans and adequate preparations. The project 
as outlined provides for a perio<l of twenty years. While it is doubtful 
if it ivS completed in that time, it will probably need to be redirected at the 
end of that period. 
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The first thing was a survey of the literature supplemented by in¬ 
formation obtained by correspondence with other investigators. Special 
inquiries were directed to nurserymen both by correspondence and by 
personal interviews to obtain all available information bearing on the 
technical problems which would be involved. This survey concerned not 
only the problem of the interrelations of stock and cion, but a minute 
consideration of varieties that might be used, of methods of orchard and 
nursery management, of the best and movst recent ideas of plot size and 
arrangement, and many other problems as well. After due consideration 
of these many factors a project was written which was subjected to the 
criticism of other members of th(‘ college and station staff, of the director 
and finally to personal conferences with the officials of the Office of Ex¬ 
periment Stations with a view to its ajiproval as an Adams project and 
in this way assuring, as far as possible, continued financial support. 

Finally a project covering for a period of twenty years the purpose, 
the (essentials of procedure, and the financial requirements, was evolved 
which has now been followed for five years without material deviations 
and which it is felt can be adher(‘d to for the remaining fifteen years. 

We have dw(‘lt thus briefly on this phase of the problem not under 
the impression that we wi^e saying anything new, but because the im¬ 
portance of thorough and ad(*quate preliminary consideration of a piece 
of investigation cannot be too strongly emphasized, especially in the field 
of pomology where long-time investigations are especially called for. Too 
often is experimental work halted by obstacles or remdered futile because 
of ill-considenHl plans instead of being successful and profitable through 
careful and continued preliminary consideration. 

The investigation was started in 1912. Five years have sufficed only 
to get the w’ork well established. It was the plan to confine the investiga¬ 
tion to a relatively limited number of varieties. Six v^ere chosen as scion 
or top varieties, and fifteen as stock or root varieties. Most of these were 
well-known varieties of commercial importance. They were selected with 
a view to including those differing in vigor of growth, season, color, acid¬ 
ity, bearing age and habit of growth. Incidentally many other differing 
characters were included. The scoin varieties were llaldwin, McIntosh, 
Bed Astrachan, Tolman, Wagener and Yellow Transparent. Of the fif¬ 
teen root varic'ties selected, Tolman and Transcendent Crab had to be elim¬ 
inated, the former because it could not be induced to root in sufficient 
numbers, and the latter because of a combination of circumstances 
through which only a few trees became available. Four other root varie¬ 
ties rooted in only small numbers so that they are included in a less num¬ 
ber of trees. These an? Baldwin, Hubbardston, Jewett and Rhode Island 
Greening. There were thus nine varieties used to the full numbers, Ben 
Davis, Bough, Northern Spy, Oldenburg, Red Astrachan, Wagener, 
Wealthy, Yellow Transparent and English Paradise > All of the six scion 
varieties growing on their own roots were included. Baldwin, Red As- 
trachen, Wagener and Yellow Transparent being included in the lists 
of both scion and root varieties, we have them worked on stocks of the 
Bame variety, so as to catch any mechanical effect of the union if such 
effect exists. 
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The major block of the orchard includes 858 trees. The first six¬ 
teen rows of thirty trees each are alternately Red Astraehan and Mc¬ 
Intosh, and Yellow Transparent and Baldwin. Each row is made up 
of ten plots of three trees each on the ten major root varieties named, 
including the own rooted trees. In each of the four rows of the scion 
varieties these plots are arranged in a different order. Thus we have 
of each combination four plots of three trees each well scattered over 
the orchard. This is, of course, to give a check on any soil variations. 
This bids fair to l>e a most valuable feature of the experiment and the 
only regret is that there could not be five or six plots of each combination 
instead of four. 

Th(* next four rows are Wagener and Tolraan. These rows are 27 
trees each of the same root varieties as the first sixteen rows omitting 
Wagener, and similarly arranged. Next we have six rows, one of each 
of the six scion varieties on the four‘minor root varieties, two plots of 
three trees each of each combination. 

In addition to this main body of trees we have 238 trees of eleven 
varieties on the root varieties already mentioned, together with eight 
additional ones. These various combinations are planted in plots of 
two to four trees each and each plot is in duplicate or triplicate. The 
purposes of theses odd combinations is to serve as feelers for any com¬ 
binations that may reveal special or striking results. Then we have 
seventeen additiojial varieties growing on their own roots in plots of 
three each. 

Ju order to serve as a check on this orchard we started last spring 
a second orchard in another part of the state* on a different soil. The 
varieties are Baldwin, McIntosh, Wagener and Wealthy, on roots of 
the same varieties used in the main orchard, also a number of ordinary 
nursery trees on seedling roots. This orchard has now 267 trees and 
it is hoped to make substantial additions to it in the near future. The 
orchard is to be carried bn as a demonstration orchard in co-operation 
with the Extension Service of the College. In it we hope to demon¬ 
strate good orchard nudhods in general and that it may serve to demon¬ 
strate the factor of root influence should it prove to have practical 
significance. 

Tile orchard plantings in this investigation thus include 1,414 trees 
so arranged and planted that we hope they may yield a substantial 
(‘ontribution toward the solution of the many problems involved in the 
interrelation of stock and scoin. 

The experiment orchard soil is a fine sandy loam. It was consid¬ 
erably exhausted of fertility when assigned for this investigation. Two 
crops of soy beans were plowed in before planting the trees and since 
then the orchard has been managed on the cultivation-cover plan except 
in 1916, when a crop of field corn was grown. No fertilizer has been 
applied directly to the trees and it is felt that so long as a good cover 
crop can be grown either with or without fertilizer, a satisfaeto^ tree 
growth can be maintained without the danger of increasing individual 
differences among the trees which might follow direct application of 
fertilizers. 
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The system of pruning followed calls for moderate dormant prun¬ 
ing. Attention has been given to securing a well-formed head with as 
little pruning as possible. Little or no heading back has been prac¬ 
tised. Prunings from each tree will be weighed and the caliper at a 
fixed point indicated by a slender brass nail driven into the trunk, taken 
annually. As soon as*th(\y begin to bear, th(' yield from each tree will 
of course be recorded, and this in itself will be a valuable record. 

The first i)art of our problem is to determine what effects follow 
the combinations under investigation. This is tin* experimental phase 
of the probl(‘m which must imeeede th(‘ res(‘arch phase which aims to lay 
dowji principh'S and formulate laws by wliich we may know before 
hand what results will follow jh^w and untried combijiatiojis. This end 
must be achieved if this long and painstaking investigatiori is war- 
rantt'd. 

At the outset of the t*xp(‘riment‘ in 1912 we faced th(‘ question of how 
to get tre(‘s on known roots. This must obviously be by inducing wood 
tissue to i)roduee roots. Th(‘ methods that suggc’sted themselves were 
cuttings, and layers of various sorts, and the long-seoin short-root graft 
whmx* a short piece of seedling root serves to sustain a scion or cutting 
until it can send out roots. Many rmdhods of growing cuttings have 
been ti'ied, using many varieties, but all so far have proved failures; 
not one has siie(*(‘ed(Hl, yet tliere secuus to be I’eason to Ix'lieve that it 
may be doru*. The cuttings of some varieties eallns beautifully, but 
there tlu'y stop, the desiivxl roots ar(‘ not forthcoming. 

Air layering has b(‘en tried to a limited (‘xt(‘iit without success. 
Mound la\eriug d(>(‘s not seem as successful as might be (‘xpeeted, yet 
more trials might yield l)ett(T results. It is hoped to try this method 
more ext(‘nsiv{‘ly in the futun*. 

All att(mi])t to grow root cuttings from ben(*ath nursfuw tre(‘S gave 
encouraging rc'sults and we tried to attack the main problem from 
another angle. We secured root cuttings from bem^ath liearing trees 
which showed marked diffVrenc(*s that might jiossibly be due to diff(‘rent 
seedling roots and attemj:)ted to gT*ow them, intending to bud the trees 
to the original variidy and S(H‘ if tlu^ same differenees a])peared. Tliis 
resulted in a failure, as repeated trials failed to s(‘cure more than a few 
scattered succt‘sses among the attempts to start these root cuttings. The 
reason assigned is that these were from beneath matur(‘ trees and thus 
of relatively old wood, instead of young nurs<u‘y trees. 

We hav(* secmred in connection witli this inv(‘stigatioii over 3,000 
trees on roots of known varieties. Practically all of these have been se¬ 
cured by the long-scion short-rcxit method. A whij) root graft is made 
in the ordinary manner, the scion being seven or eight inches long and 
the root about three indues. This is planted by means of a special dib¬ 
ber so that all but om^ or two buds are under ground. These are cared 
for by ordinary nursery methods for two years. The first year\s growth 
is cut back to the ground, for this gives at the end of the second year a 
straight, strong whip much more desirable than the weak, straggling two- 
year-old tree that results when cutting back is not .practiced. 

By tliis method some varieties will root from the scoin in practi- 
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cally every case. Among more than a hundred varieties tested none has 
been found that absolutely refuses to root, but several yield less than 
5 per cent of rooted trees. 

Within the variety we have been unable to make any progress 
whatever in discovering why one tree roots and another does not. Small, 
weak trees seem as likely to root as strong, vigorous ones. There is no 
obvious relation to soil conditions. There is oft(m much variation be- • 
tween different lots of one variety, but why is unknown. Whether 
there is a difference from season to st^ason is uncertain. 

There seems to ho some reason to think that the varieties which root 
readily are thost^ with comparatively soft wood and those that root with 
difficulty have relatively hard wood, but the correlation does uot seem 
perfect. No careful tests of hardness have b(‘en made, however. In 
som(‘ cas(*s, at least, vai'it^ties that root <‘asily have a greater number of 
cell layers in the cambium, and this again may perha]>s 1)(‘ correlated 
with softness of W(X)d. 

Aft(‘r giwing two years the trees are dug and from thost) showing 
roots from the sciotj the seedling root is cut away and the tree replanted. 
Even when the roots are tow and weak tiu; tree usually lives, tliongh it 
may mala* a weak growth th(* first year. In order to avoid the checks re¬ 
sulting from cutting aw’ay the s(‘eilling root, the seheim* of using a piece 
of root cut from tr{*es alr(*ady established on tluir own roots has been 
tried, Sorm* two hundred grafts of four or five different varieties wwe 
made, but only a 8(*,attered fVw' started, wdiih* adjoining rws grafted in 
the ordiiiary way gave 8i) f)er eent stand or better. The only reason that 
can he assigned is that tin* roots were doubtless two-yi'ar-old wood, wdiile 
se(‘dliug roots ar<* always one-year-old w^ood. This rinsult is similar to 
that froTu attempting to indnee root cuttings from old trees to grow^ 

< In eomu'etioii with this investigation a eonsid(*rable number of ex- 
j)erimeiits bearing on various })hases of propagation liave been made. 
It would lx* tedious and out of plac(* to discuss tlu*m h(‘re, but they are 
interesting in showing the fallacy of many notions that prevail. In 
fact, it is doubtful if there is any branch of agriculture in wdiicli there 
is so Tnm*h of emj)iricism and m(*re w him as in tlie nursery business. This 
is a virgin field for scientific horticultural invcvstigation. 

After the seedling iwt has b(*en cut off and the tree rej)lante*d it is 
budded to the d('sired variety and cut back the* next spring in the usual 
manner, and wo have the tree established on known roots. As a matter 
of fact, most of the trees already secured have )>(‘en budded the first 
summer after setting the graft, and wdien the tree is dug for inspection 
and removal of the seedling root we have the bud variety on a known 
root. Jn this way w^(‘ save time by securing tlu* tree on known roots in 
two years, provided it roots from tin* scion. There are .several object¬ 
ions to this method and w^e now^ regard it as more satisfactory to get the 
tree on known roots before budding unless one is particularly anxious 
to save time. 

The results in detail of our experiments in propagating trees on 
known roots will be published as soon as they are completed. 

The oldest trees in the main orchard have now had three seasons^ 
growth in the orchard. It is too soon to draw conclusions as to the in- 
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fluence of the different roots upon any given variety, though we think 
that differences are beginning to api)ear. Oldenburg has so far proved 
an inferior root variety, many of the trees making a very poor growth or 
failing altogether. McIntosh on Transcendent Crab makes a strong 
growth, while Red Astrachan on the same variety is dwarfed in a re¬ 
markable fashion. JMcIntosh and Stayman Winesap on their own roots 
make a remarkably strong growth. Other easels only a little less striking 
might be mentioned did time permit. 

The trees have had the least pruning possible, and yet secure well- 
formed trees. As om* looks along the rows it is [)ossible to detect in 
many rows differences in form (>f the top, the three tre(‘s in one plot 
being muefi alike and differing from th(‘ trees of tin* adjacent plots. 
These differences an* slight and it is impossible to my wheth(*r they will 
disappear or become more* marked as time passes. 

There also seem to be differemces in size of the trees on different 
roots. However, influences arising from soil and other causes are so 
potent as to obs(*ure thest^ elifferenices to a emnsielerable degree. 

Among tin* 85(S trees of the first planting in 1915, thirty blossomed 
in the spring of 1917 and several produced fruit. All were among the 
McIntosh, Yellow Transparent and Wagener trees, and nearly all were 
on English Paradist* cn* Northern Spy roots. The latter variety seems 
to be in many respects a dwarfing stock especially for Yellow Trans¬ 
parent. This obs(*rvatiori is in harmony with what we have been in¬ 
formed is the experience in South Africa, where Northern Spy stocks 
are t‘Xtensively used on account of their resistance to injury from the 
woolly ai)iiis. 

If om* were to attconpt a summary of the influences affecting the 
growth of the tn‘es, omitting the factors of soil and age of the trees, as 
they appear at th(* present writing, perhaps they would Ix^ as follows; 

1. The vigor of th(* scion variety. 

2. Tile rooting ability of the stock variety. 

3. Tile vigor of the stock variety. 

4. Ill certain cases the compatibility of the stock and scion. 

Probably the sec'ond of thesv* is temporary and will become rela¬ 
tively unimportant in time. Still the ability to produce roots from the 
scion readily may mean the power also to produce a large and vigorous 
root system which would ])resumably help to produce a large and vig¬ 
orous to]). Generally speaking, a. given variety on roots of a weak 
growing sort seems to be less vigorous than on roots of a strong growing 
variety. Whether the vigorous top will in time impart vigor to the root 
system and to what degree remains to be s(*en. 

Tt seems that among the varieties used there are some that are rela¬ 
tively iineompatible, that make a poor union inhibiting the growth of 
the top. Many such cases are to be seen among the old-top-worked 
trees in New England, though probably many extreme cases have per¬ 
ished. This is a problem in itself which will call for special considera¬ 
tion as time pa.sses. 
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We are nearly through the stages of preparations and establish¬ 
ment of this investigation. The next fifteen years should witness the ac¬ 
cumulation of a great deal of valuable data bearing on the interrelation 
of stock and scion in apples and upon many related and subsidiary 
problems. 


NOTES ON THE N02SENCLATUBE AND OLASSIFIOATION OF CUB. 

RANT VARIETIES. 

By Paul Thayer, Ohio State Experiment Station, Wooster, Ohio. 

1 shall make no apology for bringing such an old-fashioned subject 
as nomenclature before this up-to-date body, for I feel that all of you 
realize its importance, forming as it does, one of the foundation stones on 
which all, or nearly all, horticultural work is based. Correct nomen¬ 
clature as a pre-requisite to variety testing is self-evident and yet, when 
one finds such glaring errors as tlie Captain Ede descril)ed as a white 
l)each, one feels the Wee of Davy Crockett’s admonition: ‘^Be sure 
youVe right, then go ahead.” 

Variety tests in which there is a sliadow of doubt as to the identity 
of the varieties reported upon are not simply valueless, they are in¬ 
jurious, in tliat they lead‘astray the feet of those who follow after* 
Much of th(i same may be said concerning the increasingly important sub¬ 
ject of plant breeding. Correct nomenclature will not in any way affect 
the value of the new varieties produced, but when we begin to deduce 
law^s of inheritance, to study the prepotency of different varieties, we 
will Iliad those who follow after us astray if we are not certaiq as to the 
correct names of the parent varieties. It would not be at all unlikely if 
the results of breeding work showed more or less seeming contradiction 
resulting from faulty nomimclature. Similarly, though to perhaps a 
less degree, the sidection of varieties affects the results in experiments 
in culture, fertilization, pruning, thinning, etc., and a doubt as to the 
correctniiss of the variety names impairs the value of the experiment. 

Thus, while nomenclature of itself may seem elementary to many 
workers, it is not simply elementary, but fundamental. The horticul¬ 
tural world owes much to Professors Beach and Hedrick and their asso¬ 
ciates at Geneva for the splendid works on the fruits of New York* 
There yet remains another w^ork to be done. Just as on the desk of the 
teacher of English, beside the dictionary, is a copy of Crabbers English 
synonyms, so some one, sometime, will prepare for the horticulturist a 
companion book for these* fruit monographs, a bwk of horticultural 
synonyms, pointing out to the horticulturist who is familiar with the 
groups and families of each fruit the particular characters which dis¬ 
tinguish the different members of the group, the difference between the 
McIntosh and Louise apples, the Engles, New Prolific and Kalama^AX) 
peaches, and the Concord, Cottage, Worden and Moore Early grapes. 
Such a work, calling attention to the points of difference between varie¬ 
ties liable to be confusi^d, should prove invaluable to the man whose 
work compels him to identify varieties. 
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The Ohio Experiment Station did not with deliberate premeditation 
attempt the straightening out of the tangles in currant nomenclature,* on 
the other hand, our taking uj) of the study was, in a way, accidental. 
In 1912 a variety plantation of currants was S(‘t with the expectation of 
making a report on their comparativ(‘ behavior. When these plants 
fruited, red varieties bore wliite fruit, white varieties bore red fruit, the 
same variety from dilferent nurserymen diffen*d widtdy, while different 
varieties from th(' same nurstTymen proved idcuitical. Fully one-third of 
the lots of plants contain(‘d one or more plants untrue or were entirely 
wrong. What started out to be a variety test turned out to be more 
nearly a test of nurserymen. An examination of horticultural literature 
in an effort to cheek up on the nomcnelature r<‘yealed a lack of any exact 
technical descriptions. Statements such as “bushes large, erect, vigor¬ 
ous," ^‘clustiTs long, well filled/’ ‘'berries larpu* than Red Dutch with 
fewer seeds,” are too indefinitt* to use in the identiticatioii of varieties. 

Two aveniu's lay optui to us, to dro]> th(‘ pro.ji'ct and let what effort 
and study had already b(‘en s|)eiil go for naught, or else, througli a 
thoreiigh study of all the literature and living'plants available, attempt 
to straighten out tlie iionKuielature and standardizt* the descriptions of 
currant varieties. We chose the latter and secured more plants for study 
until now we liav(‘ gj’ovving over 300 lots of eurrants, rei)resenting 96 
varieti(‘S. Tlies(‘ include all the varieties listed by American Xnrse*ry- 
men as well as a number from England and France. In many cases the 
variety is duplicated from diff(*rejil nursm-ie^s, in oih‘ case a variety liav- 
ing been secured from nine diffe*rent suurce‘s, and ( doubt very much 
if wc have the true variety at that A rcvieAV of horlie'ulltiral literature 
was uu(lertak(*ii with tlu* aim of securing hist()ri(‘al data and more au¬ 
thentic and characteristic (ie‘scriptions. The work is not comjdcted, in 
fact, the task looks bigger as we gf) on, but fnmi tlu* work alr(‘ady done 
we have drawn soim‘ (*oiU'lnsions that may be (J' intei*evst: 

1. Tht^ stocks of currants at j>rcsent in tlu* hands of nurserymen are 
very badly mixed. 

2. This confusion is not new but lias been cmnjibtiiied of from time 
to time by hoi’ticultural writers. 

3. With nursery stocks badly mixed it would not be strange if j)ri- 
vate collections have contained many varieti{*s incorrectly nanuMl. This 
being granted,we should not surprised to find (as w(‘ do) discrepan¬ 
cies and disagreeurients between different writers eonceniing the same va¬ 
riety. This doubt as to the possession of plants true to name casts sus- 
pici( n upon practically all that has been wntten on varietal character¬ 
istics. 

4. Until about 1850 nursery catalogs in their descriptions paid 
almost no attention to the plant, but confined tiieir descriptions to size, 
color and flavor of the fruit. Since that elate the references in cata¬ 
logs to plant ciiaracteristics have been in very general terms. 

5. The size of fruit, both in bunch and herry, is variable in the ex¬ 
treme. It varies according to potiition on the bush, age of plant, vigor of 
plant, soil fertility, crop, season, etc., etc. A statement such as: Fruit 
about the size of” or Fruit larger than,” which usually occupies an 
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important place in any description, is too indefinite to b <3 of any value 
in identification, 

6. In a few cases there is some outstanding characteristic which en* 
ables us to feel certain that the variety with which we are dealing is the 
one which originated under that name. The spreading habit of the 
White (Jrape is mentioned by nearly every writer on that variety, while 
the introductory description of the Bar le Due makes mention of the 
wavy-edged foliage which is so characteristic as to make identification 
certain. 

7. In at least two cases the early descriptions do not tally with 
the fruit as now grown, and we have every reason to suppose that a sub¬ 
stitution lias occurred and the true variety has disappeared. The North 
Star currant originated about 1886. Eight years later, in Amciriean 
Gardening for 1893-4, is to be found a rather sharp discussion of the 
merits of this variety, some writers claiming it to meet the introducers’ 
descriptions, whih* others claimed it to b<‘ little, if any, superior to Bed 
Dutch. All the North Star plants we have fruited at Wooster have 
])roven to be .R(hI Dutch, and it sinmis reasonable to believe that the 
genuine North Star is practically out of cultiation today. The other 
ease is that of the Glierry. All early descriptions speak of size of 
l)(*rry, simrtness of clust(>r and lack of [iroductiveness as characteristic of 
this vari(‘ty. Th(‘ V(‘rsHillais<*, which B(*rtin raised from seed of the 
(Inn'r.v. overc'ainc th(* detects of size of (duster and unproductiveness, 
and so far as th(\v have fruited our plants of (vh(»rry and V>rsaillai8e 
sliow little or no difiVrence. I am of the opinion that the genuine Cherry 
currant is no longer off(‘rd for s^ile, at least by American nurserymen. 

8. There is a number of varieties of nn^ent introduction whicli can 
b(‘ trac<*(l back lo the originators with sufficient readiness to make us 
c<'rtaiii that they are true to name. 

9. In some cases the fact that the varhdy as received from different 
nurserymen is uniformly identical and agrees with tlie meager pub-^ 
lisln^d d(‘seripti()ns makes it probabh* that the variety is correctly named- 

10. In numerous (^ases theu’e is notliing of sufficient definiteiu^ss in 
past (les('riptions to warrant us in saying that tlie variety as at present 
knowm is the sam(‘ as that origiiialiiig under tliat name. 


Classification. 


Scant attention lias been paid to any grouping or classification of 
currants. The r(*d and white varieties are generally supposed to have 
come from a single source and are usually assigned to Rihes ruhrum or 
Ribes vidgare, some writers classifying tlumi according to color. From 
our studies it would seimi that t!i(*rc arc' tlire'e or more distinct typos or 
groups of currants, probably representing at least three different sources 
from which our varieties came. We have not worked out a complete key 
for identification of varieties, hut we have, as a result of our studies, 
recognized certain varieties as having common chara.cteristics and have 
accordingly grouped them together. This may be the beginning of a 
complete key, but at present serves simply to break the varieties into a 
number of groups or families. 
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Before taking up the differentiating characteristics it might be well 
to enumerate the characters which afforded little or nothing of value in 
the way of classification. 

1. Winter Appearance —There is little in the dormant appearance 
of the currant bush to be of aid in id(‘ntification. This lack has probably 
contributiid to the mixing of varieties in the nursery referred to above. 
There are slight differences of buds and branches which are not to be 
ignored, and yet which seem too inconsequential to base groupings upon. 

The habit of growth gives some clue, but it is a characteristic observ¬ 
able at any time of year and is not sufficiently marked for classification 
purposes. 

2. Inflorescence —Tht*re is considerable variation in shape and color 
of the flowers, but as this is associated with equally striking difference in 
foliage and fruit the floral characters are not indis})ensiblo to a varietal 
study, though their value slioiild not be ignored. 

There remains the fruit and foliage ui)on which to base our group¬ 
ings. The characters of these are okservable over a reasonably long 
period and synchronously. While the botanist, who is aci'ustoined to 
work with herbaniiim specimens is fitted to deal with a classification em¬ 
bracing features observable at different seasons of the year, there is, to 
me, a distinct advantage to the horticulturist in a classification simple 
enough to l>e us(h 1 without press(Hl sf)ecimens or a seri(‘s of repeated ob¬ 
servations. 

3. Size of Fruit —Since this is such a variable factor it is not 
adapted to use in any scheme of classification. 

4. Color of Fruit —This would seem to be the most obvious eharac- 
Itr to use and yet it is not the best, especially for the primary divisions. 
In the first place, color is what might Ixi termed accidental. Horticul¬ 
tural literature contains numerous instances of red currant bushes bear¬ 
ing white currants and even of clustei^s b(*aring berri(‘S of both colors on 
the same stem, or parti-colored l)erries in clusters of otherwise red fruit. 
Also there is less difference in every characteristic, save color of fruit, 
between the Red Dutch and White Dutch than between any two red 
currants or any two white currants. 

5. FoHage~A study of the foliage shows many differeuces in form 
and structure of the leaf, lobing, position, color, pubescence, etc. These 
differences seem more or leas correlated with fruit and flower differences 
and it is upon these foliage characters that we have broken up the culti¬ 
vated varieties into a number of groups Further study may possibly 
change the groupii]g somewhat, and will probably carry the divisions 
down until the work approximates a key to the varieties. 

The most striking variety in our test plots was the London Market. 
The foliage is a light yellowish green although without any suggestion of 
lack of vigor. The margin of the leaf is lighter colored, giving to it the 
appearance of being edged with white. As the season advances the va¬ 
riety becomes less conspicuous, but even up to harvesting time the foliage 
is markedly lighter than that of any other variety. 

In sharp contrast with the London Market is a group of cur¬ 
rants characterized by deep black-green foliage, heavy, stiff stalks and 
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late fruit. lu this group the new shoots are bright red during May and 
June. The varieties in the group are Rivers Late Red, Franco German, 
Prince Albert and Long Bunch Holland, how many of these being syno¬ 
nyms I cannot say. They probably represent a different species from 
the other varieties, but that remains to be determined. This belief is sus¬ 
tained by some recent unpublished work in disease susceptibility by the 
United States forest pathologists. 

The remaining varieties of currants 1 have divided into two groups 
by a characteristic hard to describe and yet, I believe, reasonably easy to 
observe, namely, the thickness and texture of the foliage. About 1840 
M. Adrien Seneclauze, a distinguished French horticulturist, received 
from Italy, among a lot of currants, one which he called, from its size, 
the Cherry. Some day some one will trace this currant back to its 
origin and will find; I believe, that M. Seneclauze, in introducing the 
Cherry, introduced a new race of currants since all its known descend- 
ents, as well as many probable descendants, are conspicuous for thick, 
coarscdy veined leaves in marked contrast to the thinner, finer-veined 
leaves of varieties like Red and White Dutch, Knights and Victoria, 
which we know have no cherry blood in them. Since writing the above 
1 have been reading Alfred Rehder's classification of Ribes in Bailey’s 
Encyclopedia and have also m^en the Monographie des Groseilliers by 
Janczewski. Both these gentlemen divide the currants into two major 
classes and the latter makes comments regarding the origin and influence 
of the Cherry currant not far different from thost^ above. 

The remainder of the classification follows this paragraph, and I 
think needs no explanation. As I said in the bt^ginning, this is not a 
final report, but simply a record of observations and impressions as the 
work has progresst^d. 

Provisional Classification of Currant Varieties. 

A. Foliage very light green, margin of leaf lighter col¬ 
ored giving the leaf the appearance of a narrow edg¬ 
ing of white. Leaves late to fall. Fruit red. London Market 

AA. P''oliage very dark green, almost bla(*k, hanging on 
bushes until winter. Bush very vigorous, stiff. 

New shoots bright red during early summer; 
later, due to rapid growth, the epidermis cracks 
and peels from the new shoots. Fruit late, red 
{Tdhes sp?) . 

B. Leaves moderately wide, with a gloss to 
the upper surface. Fruit stems medium to 
short. Fruit medium red when ripe, late.. .Fartico-Genmn 

BB. Leaves rather narrow, smooth but not 
glossy. Fruit stems medium to long. 

Fruit light red, very late—... Bsd 

(Prince Albert and Long Bunch Holland probably 

al«> belong in this class) 
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AAA. Foliage variable in color, but neither as light ss 
''A'’ nor as dark and rank as “AA.’' Fruit 
red or white. 

B. Thick, coarsely veined leaves {Rihes 
vulgare, var, macrocarpum) 

C. Fruit red . Cherry 

Fay 

Filler 

Comet 

Perfection 

Chautauqua 

Red Giant 

Crawford 

C. Fruit white. White 

Imperial 

BR. Leaves not markedly thick or coarse 
{Rihes xuilqure) 

F. Leaves folded or cupped 

I). Fruit red. R(d Didch 

(A. Star) 
Wilder 
Red Grape 
Knight Large 
Red 
Pomona 


D. Fruit white. While Dnlch 

White 

Transparent 
Bar le. Due 


C. Leaves flat or nearly so 

D. Leaves densely pube¬ 
scent beneath 


E. Fruit red. Victoria 

Bilnots 

Scotch 

EE. Fruit white VV7n7e Grape 

D, Pubescence on lower 
surface light 

E. Fruit red. Red Cross 

Wilsons Long 
Bunch 

EE. Fruit white .. White Versailles 
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VARIATION IN APPLES AS DETERMINED BY THE POSITION OF 
THE FRUIT IN THE FRUIT CLUSTER. 

By 0. B. Whipple, Montana Experimrnt Statianf Bozeman^ Montana. 

Ill presenting this jiaper we claim to offer nothing more than a pre¬ 
liminary report of investigations in progress at this experiment station, 
dc'aling with this subject. This work was begun in 1915 and was really 
suggested by a prominent Montana fruit grower who insisted that the 
matter was of practical significance and that, in some varieties at least, 
it should be recognizinl in thinning. During the early spring of the 
same year the work of Hollister on “The Variability in the Length of 
Apj)le Stems,’’ presented before this Society at its meeting in 1914, came 
to my notie(\ Untimely frosts have seriously interferc^d with our inves¬ 
tigations and tlie results have bt^en summarized from tw^o seasons’ work 
wit I) three vari(‘ti(‘S only. 

In outlining this work, we have acct*])ted as the normal apple inflor¬ 
escence a clust(‘r of six flowers, tliis applying jiarticularly to large fruited 
varieties. We realize that th<' number is not constant, but in clusters of 
less than six flowers elose examination will often disclose an undevel¬ 
oped or rudinuuitary bud or buds, and in clusters of more than six the 
extra om^s are usually recognized as abnormal or growing out of regular 
ord(M*. For conveiiieriet*, we have divided the flower cluster into three 
parts as follows: Blossoms, 1, 2 and 3 (designated 1-3); blossoms‘4 and 5 
(desigjiated 4-5), and blossom 0. Blossoms I, 2 and 3 are those to the 
outside of the cliishn* and grow from the axils of fairly well-developed 
leaves (we are not vsure tliat this description will hold for all varieties); 
blossoms 4 and 5 ar(‘ born<‘ in th(‘ axils of braeteal leaves, and blossom 
6 terminates the inflorescence and is subtended by neitb(‘r leaf nor bract. 

Fruits are secured from a particular group of blossoTus by removing 
befor(‘ or during tlie blooming season, the flow(‘rs of the other two classes. 
In other words, in thinning for fruit from blossoms 1-3, those desig¬ 
nated as 4-5 and 6 are nunoved Ixffort^ they liaAc regally set. After the 
fruit is set the dusters are thinned to one fruit. Approximately the 
same number of fruits from eadi group of flowers is taken from a tree. 
The data preseuited are for the varieties McIntosh, Wealthy and Arkan¬ 
sas (Black Twig); the first two probably being the most important com¬ 
mercial varieties of the state. The following explanation of measure¬ 
ments as taken in inches may he desirable: 

Diameier is taken with calipers and represents the maximum cross 
section. 

Longitudinal section is taken with calipers and is the maximum 
length of fruit from the base to the apex as commonly measured in de¬ 
scriptive work. 

Total axis is from the tip of the stem to tlie base of the sepals. 
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McJntoshy 1915, 


Fruit from blossoms. 1-3 4-5 6 

Number of fruits measured. 36 29 20 

Average diameter. 2.79 2.72 2.66 

Average longitudinal section. 2.25 2.25 2.36 

Av(?rage length of stem.98 .86 .62 

McIntosh, 1917. 

Fruit from blossoms. 1-3 4-5 6 

Number of fruits measured. 125 98 123 

Average diameter. 2.70 2.83 2.80 

Average longitudinal section. 2.20 2.38 2.50 

Average length of stem.94 .75 .64 

Average total axis. 2.30 2.28 2.36 

Wealthy, 1917. 

Fruit from blossoms. 1-3 4-5 6 

Number of fruits measured. 125 116 115 

Average diameter. 2.60 2.63 2.77 

Average longitudinal section. 2.16 2.18 2.31 

Average length of stem. 1.06 1.05 .91 

Average total avis.2.32 2.35 2.26 

Arkansas, 1915. 

Fruit from blossoms. 1-3 4-5 6 

Number of fruits measured. 25 21 17 

Average diameter. 3.07 3.10 3.20 

Average longitudinal section. 2.36 2.52 2.67 

Average length of stem.91 ,79 .48 


In the three varieties studied, the length of the stem increascnl 
from the center of the inflorescence outward and the length of the fruit 
increased from the outside to the center. Total axis, as studied in 1917 
in McIntosh and Wealthy, was quite constant. 

McIntosh apples from blossom 6 had a decidedly open core, from 
blossoms 4-5 a core that would be described as partially open, and tliose 
from blossoms 1-3 a closed or slightly open core. In Wealthy there was 
a very slight tendency in the same direction. 

In the case of McIntosh, the.apples from blossom 6 were decidedly 
variable in form and from a commercial viewpoint so inferior in shape 
that it would seem wise to remove this fruit in thinning. In the early 
stages of growth it can be easily distinguished from other fruits in the 
cluster. Fimits from bloasoras 4-5 were most constant in form and most 
desirable from the standpoint of appearances. Fniits from blossoms 
1-3 were really too flat to be rated as of good commercial form. 

Wealthy fruits from blossom 6 were best in form and general ap¬ 
pearance and they also seemed to be better matured and stood up best in 
storage. Fruits from blossoms 1-3 presented the poorest appearance. 
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Blossoms 6 produced the best fruits in Arkansas. The fruits were 
larger, more regular in shape, and the stem so short in most cases as to 
eliminate the possibility of stem punctures in packing. It was also 
observed that, in this variety, russet was entirely absent from the basin 
of apples which developed from the center flower and usually present 
in the case of fruits from other flowers of the cluster. 

The data secured account for some of the variations observed in 
describing and judging apples and really bring up the question of typi¬ 
cal varietal form. Measurements do not express these differences ade¬ 
quately. One must see the fruits to appreciate the marked range of 
variation. The rc^sults also indicate why form, length of stem and 
some other characteristics may apparently fluctuate in a given variety. 
For instance, the center blossom usually sets the fruit that is most likely 
to survive in the struggle for existence, but if an untimely frost should 
injure this blossom and not the others, as sometimes happens, the variety 
would then appear to bear a more oblate apple with a longer stem. As 
there is a variation in the time at which the flowers in any particular 
cluster open, weather conditions may favor the setting of fruit from one 
of these groups of flowers and in this way have an indirect influence upon 
form. We have actually observed instances where the center blossoms of 
clusters in the lower parts of large treeH were killed by frost while the 
center blossoms in the upper part of the tree escaped injury. Such a 
tree would most likely bear longer specimens in the top than in the bot¬ 
tom of the tree during that particular season. But such a variation 
would not necessarily be constant and might even be reversed another 
season. To say the least, the position of the fruit in the fruit cluster is a 
factor that must be considered in studying variations in apples and in 
some varieties it, no doubt, is a factor worth considering in thinning. 


COLOR DEVELOPMENT AND MATURITY OP A FEW FRUITS AS 
AFFECTED BY LIOHT EXCLUSION. 

By E. L. OvERHOLSEB, Cornell University^ Ithaca^ A, F. 

Introduction. 

Color is more or less restricted—stating the n^striction in different 
terms—^to blossoms, to fruits, to jiarticular species, or to seasons. 

For the most part colors may fall into two groups with varying 
degrees of intensity and intermediate shades, namely, yellows and reds. 
These colors are produced by two groups of pigments essentially different 
in chemical and physical properties. These pigments, however, are fre¬ 
quently blended in the same tissue. 

The yellow pigments occur in the chlorophyll bodies of the cells. 
They are present in conjunction with the chlorophyll of healthy tissue, 
but frequently they seem to increase in quantity as the chlorophyll dis¬ 
appears. 
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They belong: to a group of substances often known as xanthophylls. 
These are carotin-like compounds, that is, they are related to carotin, the 
orange or orange-red pigments of the carrot root. Carotin-like bodies are 
responsible for the orange and crange-red colors in a large number of 
blossoms and fruits. 

These pigments do not occur in solution in the cell sap, but may be 
present either in the healthy chlorophyll plastides or outside of them. 
In the latter ease they form crystals or are in solution in droplets of fatty 
oils. 

Carotin-like compounds are more permanent than chlorophyll so 
that any green tissue may exhibit a yellowish color upon the gradual 
disappearance of the chlorophyll. 

The yellow colors of tissue may then W due both to a greater visi¬ 
bility of the yellow in the chlorophyll body when the chlorophyll disap¬ 
pears, and also to actual increased development of carotin-like com¬ 
pounds. 

The red pigments are cell sap colors, substances soluble in the 
aqueous solution constituting plant juices. While there is a great deal of 
controversy regarding the chemical nature of the red pigments, they are 
by some authorities supposed to be tannoid compounds, and are gener¬ 
ally referred to as anthocyanin. The pigm(>nts of red apples, purple 
grapes and similar colors in all the fniits which have been studied are 
due to anthocyanin. The reds and the purples are claimed to be a result 
of the formation, or increased formation, of tannoid compounds. 

To some workers it appears that the production of red colors in 
many species is related to the sugar content. Color may be induced or 
heightened in the shoots of some plants by growing them for a time in 
strong sugar solutions. Moreover, cool weather has been found to be 
generally favorable for the accumulation of sugar in the tissues. And 
observation indicates that after a season of favorable growth, a cool, 
protracted autumn with sunshiny days and chilly nights results in more 
intensive coloration. Of course wn^ere early frosts are disastrous to the 
brilliancy of colors. Maturity and light are two additional big factors 
influencing color development in fruits. 

Scope op the Experiments. 

The experiments were conducted with the idea of determining some 
of the eifects of light exclusion upon color development and maturity 
with a number of the more commonly grown deciduous fruits. 

Method op Condttcting the Experiments. 

In effecting light exclusion the fruits were covered with sacks made 
of a medium grade, closely woven black sateen. The sizes of the sacks 
varied from 5 by 7 inches to 7 by 9 inches and each was provided with a 
draw string. 

The sacks were slipped on over the fruit and the draw string pulled 
tight. When specimens were double sacked, a second sack was slipped 
over the first one. 
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Fruits Showing Complete Inhibition op Color Development With 
C oNTiNuons Light Exclt^sion. 

About fifty different varieties of apples, pears, peaches, nectarines 
and apricots were sacked with single black cloth sacks. The sacks were 
put on early in the development of the fruit before any color was ap¬ 
parent upon the epidennis, and allowed to remain until the fruit was 
dead ripe or had to be pi(*.ked because of frost. 

With only one (exception no red color developed on the specimens 
under the sacks. Only so far as light reaches tl»c epidermis does red 
color develop on tin* apple, i>ear, peach, iK^ctariiie and apricot. When¬ 
ever the sacks became torn, or the size of the fniit stretched the cloth so 
the light penetrat(‘d, color developed in exact outline of the openings. 

Table No. 1 shows the t*ffeet of eontiimous light exclusion upon color 
development with a few varitdies of apph's. 

on(' exception in developing color was the Williams apple. 
With this variety by the last of August the sacked specimens showed 
sidashes and stripes of red with a yellow ground color. The surface of 
the (‘xposed speeinuMis was completely covered with a dark red color by 
the iniddh^ of August. The fibro-vascular bundles of the exposed speci¬ 
mens were red stained, and the flesh surrounding them was streaked 
with red, The fibro-vascular bundles of the sack<'d specimens w^ere not 
red stained and the flesh was white throughout. 

The lioxbury and Golden Russet dc^velopecl russet in a normal man¬ 
ner under the sacks, although no bronze red color developed on the 
cheeks. 

The dev(‘1opm('nt of tlie scarf skin was not inliibited by light exclu¬ 
sion. 
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Effect ot Licht Exolttsion on Golds Phoduction Dusma Diffbeent 
Stages op Development op Apples. 

Black cloth sacks were placed over ten specimens and removed from 
ten specimens of the varieties, Baldwin, Tompkins King and Westfield, 
at intervals of two weeks beginning from the time the froit was set until 
within two weeks of the time they were picked. Every two weeks light 
was admitted to a set of ten specimens and to a second set light was ex¬ 
cluded. 

During the last two years the apples could not be kept sacked much 
later than the 9th of September and have much color develop even 
though they were then exposed. Likewise September 7th was about as 
early as apples could be sacked after having been exposed until that time 
and permit any red to develop. 

Table No. II shows the effect of light exclusion on color production 
during different stages of development of apples. 

An interesting thing was observed in the case of Baldwins kept 
sacked until the middle of August., and then exposed. Where this was 
done and the specimens W(!re in the direct sunlight the red was intensi¬ 
fied as contrasted to the checks. In the shady parts of the tree the 
treated specimens had a color comparable to the checks without any 
heightening of the red. The observations were taken September 19 and 
October 3, the sacks being removed August 15. 
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Effect op Varying the Completeness op Light Exclusion on Color 
Production in Apples. 

To test the effect of varying the completeness of light exclusion dou¬ 
ble black cloth sacks, single black sacks, red sacks, and white sacks were 
used in sacking apples. Single black sacks were just as effective as dou¬ 
ble black sacks, and no color was produced in either case on apples. As 
would be expected there was about one-half the intensity and amount of 
color produced under red sacks as on the exposed specimens. Under the 
white sacks color development took place nearly normally. 

Table No. III. shows effect of varying the completeness of light ex¬ 
clusion on color development in apples. 

Fruits Showing Partial Inhibition or Delay in Color Production 
With Light Exclusion. 

With the species of plums nearly all varieties showed delay in color 
production, while some showed a complete non-development of red color 
when light was excluded. 

In the case of cherries some varieties of the same species would show 
no appreciable effect on red color production, while other varieties would 
show a marked delay, with only slight red color development. This is 
shown in Table No. IV on the effect of light exclusion on color production 
with some varieties of cherries and plums, and in Table No. VT on the 
effect of light exclusion on maturity. 

With grapes and strawberries there was no appreciable effect upon 
color development. With currants and dark colored gooseberries, and 
the several varieties of blackberries tested, color development was delayed 
and somewhat inhibited, as shown in Table No. V on the effect of light 
exclusion on color production with some varieties of grapes and small 
fruits. 
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Microscopic Examination for Color Distribution in Sacked and 
Check Apples. 

Sections of the epidermis of normal specimens of Tompkins King 
were prepared and examined rnicTOScopic'ally in an effort to determine the 
nature and distribution of the red and yellow colors. Following is the 
result of the examinations: (1) Anihovyanin Color —^^Fhe red color is in 
solution in the cell sap and is of an anthocyanin nature. The anthocy- 
anin color is largely in the sub-epidermal cells with some red color in 
occasional epidermal cells just below the cutin. The color is primarily 
confined, however, to the upper three or four layers of epidermal cells 
cxcpt wliere the color cells run down the fibro-vascular bundles. 

Yellow Bodies or Carotin. 

The yellow bodies occur in all the cells of the epidermis and at least 
of an inch below the (‘pidermal c(‘lls. TIktc is no appreciable differ¬ 
ence between the numb(»r of yellow ])lastids on the red and the non-red 
sides of th(» apple. TIk* yellow color seems to be due to carotin and the 
carotin appears to be in the form of amorphous granules. 

Effect of liicarr Exclusion on IMaturity and in Prolonoino the 

Period of Edibiijty. 

In determining tin* effect of light exclusion on the normal attain¬ 
ment of maturity with apples, the varieties Primate, Sweet BoiiglL Golden 
Sweet, Williams and Yellow Transjiarent were single sacked with large 
black cloth sacks on July 12, 1917. These sacked specimens were exam¬ 
ined at intervals from August 20 until Se])tember 17. There could be 
noted no delay in the attainment of maturity or in the prolonging of the 
pericxi of edibleness of any of the varieties of apples tested. 

With plums and cfierries then* was usually a delay of four or five 
days in tlie attainment of maturity when the sacked specimens wen^ con¬ 
trasted with exposed specimens. Tu soim‘ cases there was a prolonging of 
the period of edibility from fiv(» to eight weeks after the erop of exposed 
specimcms* had been normally harvested. With the May Duke cherry, 
however, there was no appreciable influence of maturity resulting from 
light exclusion (see Table No. 6) nor was there any marked effect in pro¬ 
longing the period of edibility with this variety. On the other hand, wdth 
certain varieties, the cherry was the fruit whose period of edibility could 
be most prolonged by light exclusion. 

Summary. 

1. Varieties of apples, pears, peaches, nectarines and apricots de- 
yelop no color whiui by means of black sacks light is excluded from speci¬ 
mens of fruit. 

2. The development of russet and sSarf skin, on varieties normally 
showing such is not inhibited by light excWrfeion. 





TABLE VI. EFFECT OF LIGHT EXCLUSION ON MATURITY. 
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Influencing Dischajrge ^nd Distbibution of Spray Nomles. 


3. If light was excluded later than the first week of September very 
little color would develop hereafter even though they were then exposed. 
Likewise, if exposed apples were sacked permanently even as late as the 
first week in September very little red color would be showing at the time 
of harvest, 

4. Apples enclosed in either double or single black cloth sacks de¬ 
veloped no red color. When enclosed in red sacks the amount and inten¬ 
sity of the red color produced on such specimens was about one-half that 
found on normal exposed specimens. Specimens in white sacks pro¬ 
duced red color nearly normally. 

5. The effect of light exclusion upon color development with sev¬ 
eral varieties of plums, cherries, currants, dark-colored gooseberries and 
blackberries, varied. In some cases the development of red color was 
completely inhibited, in some color develojnnent was checked or delayed, 
and in other cases color development was not appreciably influenced. 

6 . As a result of microscopic examination of fresh material the fol¬ 
lowing points regarding the nature and distribution of color in apples 
were noted: (a) The red color is in solution in the cell sap and is of an 
anthocyanin nature. It is largely in the upper three or four layers of epi¬ 
dermal cells, although the layer of cells immediately below the eutiu has 
not as much color as the second and third layers of cells; (b) The yellow 
bodies or carotins occur in all the epidermal cells and at least I /4 of an 
inch into the flesh or tissue below. The yellow plastids appear to be 
equally distributed throughout the epidermal and sub-epidermal cells be- 
(^oming, however, less in number as the layers become farther removed 
from the epidermis. 

7. Light exclusion has no effect upon tht^ attainment of maturity or 
ill prolonging the perio<i of edibility of apples. 

8 . With some varieties of plums and cherries there was a delay of 
four or five days in the altainment of maturity due to sacking and a pro¬ 
longing of the period of edibility for from five to eight weeks after the 
crop of exposed fniit had been iionnally harvested. On tlu' other hand, 
tliere w^ere a few varieties of clierries and i^lums whose maturity or period 
of edibility was not appreciably affected by light exclusion. 


FACTORS INFLUENCING RATE OF DISCHARGE AND THE DISTRI¬ 
BUTION OF SPRAY NOZZLES. 

By 11. L. Crane, University of West Virginia^ Morgantown, W. Va. 

The idea of testing spray nozzles is not new. as it seems to have 
originated in 1892 with Woodworth of California, who at that time pub¬ 
lished an account of a nozzle-testing machine, but unfortunately his re¬ 
sults remain unpublished. 

Other early investigators of spray nozzles were Booth, then of Mis¬ 
souri, whose conclusion was that a general all-purpose nozzle did not at 
that time (1900) exist. Faurot, of Missouri Fruit Experiment Station, 
made several tests on shape of spray discharged as well as size of drops. 
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He found that the size of the orifice may be the governing factor in the 
size of the drops discharged. The larger the orifice the larger the drops. 
Riley, of Cornell, later designed and built a machine for testing spray noz¬ 
zles which worked on the order of a focal plane shutter; this he called 
a ‘‘sprayograph.’’ A modification of this was used in securing the re¬ 
sults in this study. Goodwin, of Ohio, tested about 60 nozzles on a 
machine similar to the one mentioned. He found that most of the nozzles 
discharging a hollow cone-shaped spray distributed most of it at one side 
of the cone; this, he said, could be overcome by using more supply holes 
in the directing disc. The angle of discharge was found to increase as 
the depth of the eddy chamber decreased. The size of the orifice was 
found to have much to do with the rate of discharge, but was not an 
absolute index. Still later Hewitt, of Arkansas, made a large experimen¬ 
tal nozzle, the dimensions of which could be varied. His results were, 
the narrower the eddy chamber the narrower the angle of discharge. The 
deeper the eddy chamber the narrower the angle of discharge. A thick 
disc was found to narrow the ring of spray, but had no effect on angle of 
discharge, although it made the spray particles larger. The total volume 
discharge was found to vary with two things, size of orifice and depth of 
eddy chamber, a larger orifice or a deeper eddy chamber increasing the 
rate of discharge. There are several other investigators who have con¬ 
tributed to our knowledge of spray nozzles, the work of whom cannot be 
taken up at this time. 

I 

Development op the Eddy Chamber Nozzle., 

The history of the development of spray nozzles is very int(‘r(‘sting, 
but long, unfoidunately, and only a very brief review vdll be given. In the 
early history of spraying solid stream and modified solid stream nozzles 
were used exclusively until 1880. Whih* doing some spraying for the 
Unit(^d States Department of Agriculture William S. Barnard eoiiceived 
of the idea of making tlie material whirl before entering th(‘ outlet 
orifice. The results of his ideas produced the Vc^rraorel nozzle as we 
know it today. Prom 1884 until 1904 the Vermorel nozzle was used ex¬ 
tensively, At the latter date there was a demand for a nozzle which 
would produce a finer spray at a wider angle, and be of larger capacity. 
The Gould Manufacturing Company, in responvSt^ to this demand, con¬ 
ceived the idea of widening the (^ddy chamlKT. After numerous experi¬ 
ments they put on the market the Small Sized Mistry and Larg^ Sized 
Mistry nozzles, which were a great improvement over the Vermorel and 
were widely used. In a few years power spraj^ers came into use and de¬ 
manded nozzles of larger capacity. Again the Gould Manufacturing 
Company took up th(‘ work and in August, 1906, put out a nozzle called 
the Mistry Junior, which contained a new principle in nozzle construc¬ 
tion. This was the directing disc or basal plate which contains the 
oblique holes that give the material its whrling motion. This was the 
origin of the disc type of spray nozzles. Other manufacturers took up the 
idea anti soon there were numerous nozzles of similar constniction on the 
market. 
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Apparatus Used in the Study of Distribution op the Spray. 

As stated before, a machine working on the principle of a focal 
plane shutter was made in such a way that a curtain having a three-inch 
aperature revolved on two rollers. A sheet of paper was suspended be¬ 
tween the rollers. A uniform exposure of about one-fourth second was 
used, and a pressure of seventy-five pounds at the pump was maintained. 

The writer found there were so many factors influencing distribu¬ 
tion and rate of discharge that only the more important can be very 
briefly considered in this paper. 

Influence op Outlet Orifice on Distribution. 

An increase in the diameter of the outlet orifice increases the angle 
of discharge, but an increase of 4 mm. may, as in the case of the Friend 
Regular nozzle, increase the angle of discharge three degrees, while 
another nozzle with the same increase will cause the angle of discharge to 
be nine degrees wider, as is illustrated by the Tiger Strainer nozzle. 
Thus no general statement can be made regarding tlie results tliat might 
Ix' expeet(Ml from a definite increase in the size of the orifice. However, 
as the area of the orifice is increased, the angle of discharge is not corre- 
siiondingly widened. When the orifice of the Tiger Strainer nozzle is in- 
cn^asiMl from 1.2 mm. to 1.6 mm., an incn'ase in the angle of discharge of 
46 21 j)er cent per square millimeter of orifice was secured, and when 
th(‘ orificie was changed from 1.6 mm. to 2.0 mm. the inereas(» in the angle 
of dis(*liarge was only 26.0 per cent per square millimeter of orifice. 
Thus there was a decrease of 20 per cent in the rate of widening of the 
angle of discharge due to the larger orifice. 

As the angle of discharge Ix^comes greater the wddth of tin* ring be¬ 
comes wdder and follows the increase or decr.ea.se of the angle of dis¬ 
charge. 

It lias often been said that increasing the size of tlje orifice, all other 
things btung equal, produces a coanser spray. The results secured do not 
bear this statement out, as in no case could any appreciable difference be 
noticed. 


TABLE I. 


Name of 

Diameter 

Diameter 

Width 

Angle 

Percent 

nozzle. 

of orifice 

of cone 

of ring 

of 

iiu'vease 


in 

in 

in 

disc ha rge 

per sq, mnu 


millimeters 

inches 

inches 


of orifice 

Frieml Regular 

2.0 

16 

4.0 

33.5 

0.00 

H i ( 

2S 

10 

45 

38.0 

6.21 

a a 

3.2 

21 

5.0 

41,0 

5.58 

Tiger Htrainer 

1.2 

12 

3 5 

26.0 

{) 00 

r< it 

1.0 

17 

4.0 

35.0 

46 21 

n n 

2.0 

22 

4.0 

42 0 

26,00 


Influence of Pressure on Distribution. 

The angle of discharge was found to be increased as is the pressure 
up to a certain point, depending on the nozzle, where additional pressure 
has no effect except in breaking up the spray. The Mistry Junior nozzle 
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reached its maximum of efficiency at 125 pounds pressure so far as the 
diameter of the cone is concerned. 

The width of the ring was found to decrease as more pressure was 
applied and, like the angle of discharge, reached its minimum width at 
the same pressure. As more pressure was applied the ^ray was broken 
up finer. 

Influence of Depth of Eddy Chamber on Distribution. 

By increasing the depth of the eddy chamber the angle of discharge 
was decreased and the width of the ring became narrower. There were 
many more mist-like particles distributed in the center of the hollow cone 
as the depth of the eddy chamber was increased, while the drops in the 
ring became somewhat larger. This is what would be naturally expected 
as any factor which would tend to cause the spray discharged to become 
a solid stream would also cause the drops to be larger. 

Influence of Width of Eddy Chamber on Distribution. 

The width of the eddy chamber was found to widen the angle of dis¬ 
charge to increase the width of the ring, and if there is any difference to 
produce smaller drops. 

Inflttence of Angle op Supply Holes in the Directing Disc on 

Distribution. 

The angle at which the supply holes are placed in the directing disc 
greatly affect the distribution of the spray discharged. In the case of 
the Mistry Junior nozzle a change in the angle of the supply holes of 15 
degrees changed the angle of (Hscharge as much as six degrees. The 
greater the angle of the supply holes the narrower the angle of spray and 
the ring of spray. Th(‘ spray particles were smaller in size due to the 
lesser angle of the supply holes as a greater breaking up was secured. 
See Table IJ. 



Diameter 

TABLE ir. 

Angle 

Diameter 

Width 

Name of 

of orifice 

of supply 

of coT»e 

of ring 

nozzle. 

in millimeters 

holes 

in inches 

in inches 

Mistry Jr. 

1.2 

45 

32 

8 

i( <1 

1.2 

60 

28 

7 

it H 

2.5 

45 

44 

0 

it it 

2.5 

60 

;i6 

8 


Influence of Center Supply Hole in Directing Disc on Distribution. 

Several nozzles now on the market have a central supply hole which 
is drilled vertically through the directing disc in addition to the oblique 
holes. It was found that this central supply hole filled up the center of 
the cone, thus making a solid cone, as is shown in Table 3. The angle at 
which the spray is discharged is decreased, due to the central hole, and the 
spray particles are somewhat larger. 
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TABLE HI. 



Diameter of 

Central supply 

Diameter of 

Width of 

Name of 

orifice in 

hole 1.2 mm. 

cone in 

ring in 

nozzle. 

millimeters. 

in diameter. 

inches. 

inches 

New Eclipse 

2.0 

Open 

34 

34 

i i t i 

2.0 

Closed 

36 

7 

4i ti 

2.8 

Open 

40 

40 

ti it 

2.8 

Olosed 

44 

8 


A few words of explanation as to the possible reason for this may be 
worth while. In the formation of the hollow cone the oblique holes in 
the edge of the directing disc cause the material to whirl in the eddy 
chamber and in leaving the nozde the material rolls over the edges of the 
orifice. When a central hole is placed in the directing disc with the 
oblique holes, the material then flows in two general currents, one whirl¬ 
ing around and around, the other flowing outward. Thus a solid cone 
is produced and the angle of discharge decreased due to the current flow¬ 
ing outward overcoming some of the influence of the oblique holes. 

Influence op Number op Supply Holes in the Directing Disc on 

Distribution. 


To make the distribution more even Goodwin suggested placing more 
holes in the directing disc. The results secured indicate that tw^o holes 
of the proper dimensions distribute the spray as evenly as more would do 
it. By using more holes the spray is discharged at a narrower angle, the 
width of the ring is narrower and but very little diff(Tence, if any, could 
b(‘ notie(*d in the size of the spray particles. 

Influence op a Post on the Directing Disc on Distribution. 

A few nozzles now on the market have a raised place at the center of 
the directing disc which has been called by the writer a ‘‘post’’ as this 
term seems to describe it best. This post w^as found to narrow the angle of 
discharge as well as tlie width of the ring, as is shown in table 4. Another 
mark(»d influence of the post is that it causes a much more even distribu¬ 
tion of the spray and in this w^ay some of th(' slight mt'chanical imperfec¬ 
tions of the nozzle are overcome. 


Naiue of 
nozzle. 
Whirlpool 

(i 


TABLE TV. 


Position of 
post. 
Present 
Absent 


Piaiiieter of 
eono in inehes. 
24 
26 


Width of 
ring in inohes. 

7 

8 


iNFLirENCE OP THICKNESS OP DiSC ON DlSTKlBimON OP THE SpBAT. 

The thickness of the disc or of the metal surrounding the outlet 
orifice was found to exert a very great infiuenoe on the distribution of the 
spray discharged. Increasing the thickness of the disc from 0.5 mm. to 
1.0 mm. decreased the angle of discharge as much as nine d^rees and nar¬ 
rowed the ring of spray two inches. The size of the spray particles dis- 
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charged were larger due to the thicker disc. The results secured indicate 
conclusively that the thickness of the disc is one of the most sensitive fac¬ 
tors studied, as a very slight change is capable of producing a very de¬ 
cided change in the distribution of the spray. 

Other Factors Influencing Distribution op the Spray. 

Burrs in the outlet orifice, orifices that are oblong in shape, or were 
not properly centered, or fit so loose in the cap that they would slip so as 
to 1 k' off-center; cracks iK^ar tlie lioles in th(‘ directing disc, and general 
lack of care in macliining the parts of the nozzles, are resi)onsiblo for 
much of the imperfections shown in the distribution. 

Factors Jnplttencincj Rate of Discharge. 

Jn making a study of the factors influencing the rate of discharge 
the nozzles W(Te placed in a tightly covered tank fitted with valves and 
pressure guage. (,Uty water ])res.sure was used. By means of tlu* valves 
any desired pressure up to one hundr(‘d and twenty pounds (?oul(l be se¬ 
cured. As btffore, the different dimensions of the nozzles were changed by 
substituting parts from other nozzles or by making tlnun. Triplicate 
tests were made and the discharge measured in graduated flasks. 

Influence op Outlet Orifice on Rate op Discharge. 

The diameter of the outlet orifice was found to have the greatest in¬ 
fluence on rate of discharge of any of the fa(*tors studi(*d. It was found 
that nozzles of the disc type having similar construction vary greatly in 
their rate of discluirge. For exam])le, a variation of more than om* hun¬ 
dred liters per hour was found between nozzles liaving an orifice of fwo 
millimeb'rs in diameter. An increase in th(‘ area of the outlet orifice does 
not correspondingly increase the rate of (liseiiarg(‘, and the formula 
A|2gh used for finding tin* discharge for small nozzles cannot be applied 
to nozzles of the disc type. Due to the great variation in th(‘ rate of dis¬ 
charge of this type of nozzles no formula can be given. 

Influence op Pressure on Rate op Discharge. 

At low pressures the rate of discharge increases rapidly, and as the 
pressure is iiicr(‘aKed a smaller incr<‘ase in the rate of dischargi‘ is se¬ 
cured. The regular curve secured in this way suggested to tlio writer 
that the curve for discharge might l>t* a square curve, if so, then by the 
formula V*=| K x P, the rate of discharge might be determined for any 
pressure, which would aid materially in the selection of a nozzle for spe¬ 
cial purposes. Squaring the volume discharged and plotting the curves 
it is found they are not straight and do not pass through the origin, and 
thus cannot be used, A study of the influence of pressure shows that 
when the pressure is doubled the rate of discharge is increased one and 
four-tenths times. 
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Influence of Depth of Eddy Chamber on Rate of Discharge. 

Increasing the depth of the eddy chamber has always been considered 
to increase the rate of discharge. The results secured indicate that there 
are exceptions to the rule. The scientific nozzle gave a decrease in rate 
of discharge when the eddy chamber was made deeper, but began to in¬ 
crease after a certain depth was reached. This was found to be true of noz¬ 
zles which have the supply holes in the directing disc at practically no 
angl(\ The increase in rate of discharge due to tlie depth of the eddy 
chamk^r was found to vary with the size of the outlet orifice. 

Influence of Width op Eddy Chamber on Rate of Discharge. 

Former investigators have found that the width of the eddy cham¬ 
ber ex(U’tc*(l very little influence on the rate of discharge. In the case of 
the Friend Regular nozzle, an increase in the rate of discharge was se¬ 
cured when the eddy chamber was made wider, the increase varying in¬ 
versely with the diameter of the orifice. Very little difference was se¬ 
cured with other nozzles when the width of the eddy chamber was in¬ 
creased. 

Influence of Area of Supply Holes in the Directing Disc on Rate 

OF Discharge. 

Om^ of th(‘ chief reasons for nozzles having orific(‘S of the same size 
having such a great variation in the rate of discharge, is due to the area 
of the supply holes in the directing disc. Increasing the area of the sup¬ 
ply liol(‘s incr(‘ases the rate of discharge, wliicli varies with the area of the 
orifi(‘(‘ as is shown in Table 5, The Friend Regular and Friend Calyx noz¬ 
zles are alike in (‘very resp(‘ct excepting an^a of supply holes. What is true 
of these nozzl(‘S was found true of all the nozzles tested. 


TABLE AL 



Diameter of 

Aioa of supply 

Percent increase 

Nanio of 

oiifice iu 

holes III 

in rate of 

ijo/zlo. 

niiliimeters. 

iriiliinieters. 

discharge. 

Fnojid Regular 
Frieiul 

2 0 

lM.LTJS 

29.9 

2 0 

T.j.aOSd 

Friend Regular 

2.S 

25.1 n2S 

4(5.2 

Friend (!alyx 

2.S 

75.2984 

Friend Regular 
Friend <"alyx 

;i2 

25.1228 

51.9 

2.2 

75.2984 


Influence of Central Supply Hole in Directing Disc on Rate of 

Discharge. 

- A very small hole placed in the center of the directing disc was found 
to have a ^at influence on the rate of discharge and, as was pointed 
out in the remarks on distribution, the presence of this hole changed the 
character of the spray from a hollow cone to a solid cone, and thus we 
would expect a greater rate of discharge. A small hole exerts more in¬ 
fluence than does a large one, and if the area of the supply holes in the 
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edge of the directing disc is large the influence of the central supply 
hole is reduced. On the average the increase in rate of discharge is much 
greater when the hole is placed in the center of the directing disc than 
would be obtained if the same area was placed at the outer edge of the 
disc. 


Influence op Angle of Supply Holes on Rate op Discharge. ' 

On the average an increase in the rate of discharge of about 2 per 
cent was secured for each degree that the angle of the supply holes was 
increased. This is what would be expected, as the holes at a greater angle 
tend to decrease friction and loss of pressure, the spray material not 
losing so much of its energy against the side walls of the eddy chamber 
and having a more uninterrupted outward passage to and through the 
orifice, thus increasing the rate of discharge. 

Other Factors Influencing the Rate op Discharge. 

A post on the directing disc may increasci the rate of discharge as 
niiicli as 5 per (*ent, as was found in the ease of the Whirlpool nozzle. 
This must be due to the whirling material being kept to tlu^ outer edge of 
the directing disc and thus pr(*venting any conflicting currents which 
would increase^ friction, 

A disc 0.5 mm. in thickness was found to inereaae the rate of dis¬ 
charge a little more than 1 per cent over a disc 1.0 mm, thick, this being 
due to the contraction of the discharge vein at some point. 

Faulty outlet orifices wen^ found to increase or decrease the rate of 
discharge, depending on the nature of them. 

This briefly outlines the work done and some of the results secured in 
a study of the factors influencing the distribution and rate of discharge 
of the disc type of spray nozzles. 


THE EFFECT OF ADJACENT LEAF AREA ON THE SUGAR CONTENT 

OF ORANGES. 

By J. Eliot Coit, University of CaUfornio, Berkeley, California. 

In discussions on pruning fruit trees the point is often made that 
the perfect development of individual fruits on the trees is largely de¬ 
pendent upon the proximity of an adequate leaf area. Some horticultur¬ 
ists appear to have taken it for granted that the larger the area of healthy 
leaf-surf ace near the given fruit the better off the fruit is. Recently, how¬ 
ever, physiolc^ical studies have emphasized the fact that a large leaf area, 
while capable of ferming large quantities of carbohydrates, may at the 
same time interfere with the development of the fruit by appropriating a 
part of the water supply needed by the fruit. Under the stress of abnor¬ 
mally rapid transpiration it is possible for a large leaf area to furnigh a 
^stimulus which may result in actual abscission of young fruits. It fol- 
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lows, therefore, that there must be a certain optimum leaf area for the 
best develop^ut of each individual fruit» 

In considering this problem the question naturally arises as to the 
extent to which the fruit is limited in its acquisition of carbohydrates to 
the supply manufactured in its immediate vicinity. Is a given terminal 
fruit under any handicap in acquiring carbohydrate material from beyond 
its mother branch or from the general store of the plant? If such is the 
casi^ it would be reasonable to suppose that the sugar contents of fruits 
would be reduced by the early removal of all leaves in their vicinity even 
though the epidermis of the fruits themselves might contain a certain 
amount of active chlorophyll. 

In order to test this point an experiment was performed on Wash¬ 
ington Navel orange trees in an orchard at Edison, California. 

A number of healthy young fruits about one-half inch in diameter 
and which terminated leafy shoots was selecb^d. Prom a large number of 
measurements it was found that the average leaf area of the current sea- 
son's growth was 50.188 square centimeters. Thest^ shoots were then 
divided into four classes and treated as follows: 

(Jlass A. Check. Not treated. 

Class B. One-third leaf area removed, beginning at bast^ of fruit. 

Class C. Twcvthirds leaf area removed beginning at base of fruit. 

Class D. All leaf area of current season removed, leaving a bare twig 
not less than eight inches long. 

The resulting fruits were picked at maturity, and the juice from all 
the fruits of each class was extracted and mixed. The juice was then 
tested for total solids with the following results: 



Nintihor of 

A venire 

Total solids 
percentage by 


fruits 

weight 

* Brix 


harvested. 

ill ounces. 

Spindle. 

Class A 

29 

8.00 

11.3 

(lass B 

19 

6.:is 

11.1 

(Uass C 

:i7 

7.11 

11.7 

(Mass D 

21 

7.42 

ll.l 


While the largest fruits occurred in (Jlass A, those in Class C which 
had two-thirds of the leaves removed contained the most sugar. These 
differences, however, are so slight as to be well within the normal range 
of variation, as the fruit from diffenit trees in this orchard often varies 
as much as 2 per cent in total solids. 

We, therefore, seem justified in concluding that in the case of navel 
oranges growing under the environment of Edison, California, the fruits 
are capable of developing to average size and storing up their full quota 
of sugar and other carbohydrates without any leaves being nearer than 
eight inches. Apparently such fruits have as ready access to the common 
supply of food in process of translocation through the trunk and large 
branches as they have to that which is manufactured in their immediate 
vicinity. 
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FRIDAY, DECEMBER 28, 9:30 A. M. 

EXPERIMENTAL WORK ON SELF-STERILITY OF THE APPLE. 

By W. H. Aldermam, Vnivvrsity of West Virginia, Morgan¬ 
town, W, Va. 

Tlie purpose* of tliis paper and tiiat of Dr. Knight's is to report the 
progress of an experiment in the study of the self-sterility of the apple 
as it grows in West Virginia. The first paper will contain a brief ac¬ 
count of tlie results of tlie field t(‘sts and the second mil deal largely 
with the pliysiological side of the question. 

The study was l:K*gun in the sjmng of 1912. Prior to this time the 
work of a immlnir of investigators indicated that most fruits were more 
or less self-st<‘rile and rt*cent work by Lewis aiwl Fletcher presented con¬ 
siderable evidence to show that self-sterility was largely th(‘ condition in 
the two gr(*a1 groui)s of pojiiaceous fruits, the apple and pear. The at¬ 
tention of the writer about that time was dir(‘cted to the fact that there 
were reas^mably productive orchards in the state made up of plantings of 
single varieties, notably Rome Beauty, a varii^ty said to be self-sterile. 
Baldwin orchards in West(*rri New York wer(‘ kjiown to the writ(?r to be 
consistently productive and yet were so lo<*.ated that they must have been 
almost entirely self-fertilized. It was to (explain such apparent contra- 
dictioiis that the work was begun. 

Until this time the work of investigation in apple pollination and 
sterility had for the most part consisted of the study of bloom clusters 
enclosed in paper sacks, and in the cas(‘ of cross fertilization emascula¬ 
tion had usually been practiced. At least four possible sources of error 
entered into such tests. First, the conditions within paper sacks were 
abnormal from the standpoint of temp(*rature and humidity; second, 
individual flowers or clusters of flowers were studied without regard to 
the rest of the tree, whereas in orchard conditions the tree is the unit; 
third, emasculation of bloom might produce a d(‘cidedly abnormal condi¬ 
tion and tlius affect the results to an unknowji degree, and fourth, it 
had not been shown that pollen from other trees of the same variety 
might not prove effective, even though a single flower or single tree was 
self-sterile within itself. 

To eliminate these questions, whole trees were enclosed in cheese¬ 
cloth or muslin frames within which it was thought the conditions would 
be nearly normal. Then all the blooms on an enclosed tree were studied 
and both cross and self-fertilizations were made without emasculation, 
which is, of course, the normal method in orchard pollination. For two 
years we attempted to carry out part of the pollination by means of hives 
of bees enclosed within the frames. This did not i>rove very successful, 
as the bees concerned themselves mainly with trying to escape, and died 
in large numbers. Vicissitudes of many kinds have beset the experiment. 
,A late freeze destroyed all the work of one year, a short, blooming period 
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handicapped another, while cold weather and storms destroyed a part of 
the work of two other years. In fact, only three good years out of six 
have been obtained. Some things worthy of note have been observed 
and will be summarized in this pap^r and that by Dr. Knight. 

Conditions Within the Frames. 

The muslin frames proved very satisfactory (cheesecloth was too 
light) and maintained conditions very near to normal. Temperature 
within the frames was somewhat less variable than that without, being 
from 1 degree to 2 degrees higher at night and 2 degrees to 4 degrees 
lower on sunshiny days. On cloudy days there was litle difference. Hu¬ 
midity records taken wdthin and without the frames by means of wet 
and dry bulb thermometers showed a slight increase within the frames, 
but the difference was not gi*eat and frequently was indescernible. Some 
mechanical protection from the winds was afforded so that conditions 
for setting were seemingly somewhat more favorable within than with¬ 
out the frames. 

Comparison Between Paper Bags and Muslin Covered Frames. 

In order to have a means of comparison of our work with that of 
others using paper bags we ran a small comparative test of the two 
methods. Somewhat to our surprise, the paper sacks gave the better 
results as far as per cent of set was concerned. 

SET OK FRUIT UNDER FRAMES AND PAPER BAGS. 


Frames Paper Bags 


CROISS 

No. 

No. 

Per cent 

No. 

No. 

Per cent 


Bloom 

Hat 

Set 

Bloom 

Set 

Set 

Rome Beauty selfe<l 

10730 

109 

1.01 

658 

9 

1.36 

Rome Beauty X York 
Imperial 

5301 

62 

1.14 

527 

70 

13,28 

Rome Beauty X Ben 
Davis 

463 

o 

.43 

181 

15 

8.28 


We arc at a loss to satisfactorily ex})lain the marked difference in 
favor of the i)aper bags, but at l<*ast the fact is established that they do 
not hinder the setting of fruit. It is possible that the presence of the 
tightly enclosing paper bag may be responsible for conditions that in¬ 
duce an abnomal setting of fruit. The fact that at the time the above 
records were taken the Rome Beauty trees under orchard conditions, 
open to miscellaneous pollination, showed only 1.9 per cent set indi¬ 
cates that the paper bags may have given abnormal results. For testing 
for self-sterility of varieties the bags are a convenience and almost a ne¬ 
cessity in case of large trees. Probably, too, they are reasonably accurate 
where compartive studies only are desired. 

During the time the work has been under way, about 150,000 flowers 
have been pollinated and records kept of their subsequent development, 
A partial summary of the work with three varieties appears in the ac¬ 
companying table. 
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SUMMARY OF THREE YEARS' WORK WITH ROME BEAUTY, YORK 
IMPERIAL AND WAGENEB. 


COMBINATION 

No. Bloom 

No. Set 

Per Cent Set 

Rome Beauty selfed 

33129 

362 

1.23 

Rome Beauty x Rome Beauty 

3697 

6 

.16 

Rome Beauty x York Imperial 

7808 

371 

2.19 

Rome Beauty x Wagener 

1074 

35 

3.25 

Rome Beauty x Ben Davis 

1029 

29 

2.4a 

Rome Beauty—open 

10676 

472 

4.46 

York Imperial selfed 

16645 

94 

.56 

York Im})eria] x York Imperial 

5097 

35 

.68 

York Imperial x Rome Beauty 

5885 

499 

8.47 

York Imperial x Wagener 

2572 

294 

13.43 

York Imperial x Ben Davis 

1326 

84 

6.33 

York Imperial—open 

15992 

1260 

7.87 

Waeener selfed 

2563 

31 

1.20 

Wagener x Wagener 

844 

12 

1.40 

Wagener x Rome Beauty 

1006 

97 

8.85 

Wagener x York Imperial 

5X2 

50 

10.13 

Wagener—ojieii 

5;n.i 

455 

8.50 


Inspection of this table reveals the fact that there is no advantage 
gained by pollinating a variety from pollen of another tree of the same 
variety. Probably no significance should be attached to the fact that 
Rome B(‘auty selfod gave a higher jaTcentage of set than Rome Beauty 
by anoth(»r Rome Beauty, since neither of the other varieties offered the 
same conditions. Theoretically W(‘ should expect th(‘ same relation be¬ 
tween tre(\s of the same variety as between flowers of the same tree, 
when dealing with trees propagated asexually and whose original source 
w'as a single plant grown from a single fertilized germ-cell. But, we 
have heard much concerning marked changes in form, constitution and 
function of such ])1ants, s<‘cun‘d through thi' si*lec1ion of ‘‘pedigrtM^d’’ 
strains. If such mutative forms are of common occurrence among orchard 
plants, and since mutations affect the makeup of s(‘x cells as w'cll as body 
cells, would it not be expected that different individuals of self-sterile va- 
rieti(\s might frequently be so modififnl as to b(‘ Tiiutually cross fertile? 
The above proof to tlie contrary ]>oints to tlie stability ratlier than to 
variability of varieties. 

It is interesting to observ(‘ that Rome Beauty does not normally set 
as large a per cent of its bloom as do Wagener or York Imperial. Under 
orcliard conditions, and open to free pollination by S(‘veral varieties, 
Rome Beauty set 4.46 per cent, w’here York Irnia^rial set 7.87 per cent 
and Wag(‘iier 8.5 per cent. From this it is clear tliat one may not judge 
the relative sterility of two varieties by direct comparison of percentage 
of fruit set upon each, hut rather by comparison of such set of fruit to the 
uonrial set of the vari(4.y. In the same way the efficiency of a mutual pol- 
lenizor may not be judged by a direct comparison of its effects upon two 
varieties, but rather by a comparison to the normal set of each. Thus, 
Ben Davis, in pollinating Rome Beauty, gave only 2.43 per cent set, and 
in pollinating York Imperial 6.33 per cent, yet it was nearly as eflScient 
upon the former variety as upon the latter. 
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Frooi & study of the table it is clear that while nime of the varieties 
are entirely self-sterile, they are greatly benefited by cross fertilization. 
If we summarized the table by throwing together those selfed as pollin¬ 
ated by the same variety and those pollinated by other varieties, the ex¬ 
tent of this benefit is more distinctly set forth. 

BKNKFIT8 OF CBOSS r*OLLl NATION. 


Combination. 
Home Beauty not crossed., 

Home Beauty crossed. 

Yorjc Imperial not crossed 

York Imperial crossed. 

Wagener not crossed. 

Wagener crossed. 


Number 

Fruits 

Per cent 

Blooms 

Set 

Set 

16,S26 

1G8 

,99 

20,587 

702 

3.41 

21,742 

120 

.59 

25,775 

2137 

8.29 

3,407 

43 

1.26 

6,09.3 

611 

8.73 


Jn the case of Rome Beauty the percentage of set was increased three 
and a half times, York Imperial fourteen times and Wagener ^seven times. 
This advantage is further greatly augmented when we note that the size 
of the individual fruits was increased by crossing. The increase in the 
oa>se of Rome Beauty was 27.8 per cent and in York Imperial 42.7 per 
ciuit over the size of the self-i)ollinated fruits. Records for one year with 
WageiKT showed a slight tendimcy to reverse this relation, but this was 
probably due to the fact that only a few selfed fruits set upon a vigorous 
tre(% and these grew to abnormal size. A more detailed expression of the 
r<‘latiofi,of weight of fruit as affected by pollination is contained in the 
accompanying table: 


WRIOHT OF PinilT AITElTIhl) BV 1»0LJ.IXATJ()N, 


(h'oss 

Home ficMMty MoKVd. 

Home Beauty X Rome Beauty. 

K<(>Tue Beauty X York Tmjierial. 

Home Beauty X Wagener. 

Home Beauty X Ben Davis. 

Home Beauty open. 

York Tnijteria] selfed. 

York Imperial X York Imperial. 

York Imperial X Rome Beauty. 

York Imperial X Wagener...|. 

York Imperial X Ben Davis. 

York Imperial open. 

Wagener iielfed. 

Wagener X Wagener. 

Wagener X Home Beauty. 

Wagener X York Imperial. 

Wagener open. 


191 ! 

1915 

Average 

(leneral 
Average 
of each 

Oimces 

OniK'OS 

Ounces 

Variety 


i *^2 

1.22 


3,12 


3,12 

3’67 

6.39 

-l.()7 

5. IS 


1.87 

5 00 

4.93 



4.05 

4.05 

• • . • 

5.57 

3.68 

4.62 

4.69 

.3 OS 

2.00 

2.99 


3.22 

4.OS 

3.65 


5.25 

4.08 

4.66 

* . 

5 02 

^.23 

4.62 



3.S2 

3.82 

* * •« 

5.72 

6.03 

5.87 

4.74 

6 


6.68 


4.18 


4.18 

' 5.43 

3.77 


3.77 


3.94 


3.94 


5.70 


5.70 

4.47 


Rome Beauty cross gain over selfed, 27.8 per cent, 
York Imperial cross gain over selfed, 42.7 per cent. 
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Effect of Emasculation Upon Setting of Fruit. 

It was observed at the iK^ginning of the paper that emasculation pro¬ 
vided abnormal conditions that might influence the setting of fruit. Dur¬ 
ing two years a test upon this point was maintained with interesting re¬ 
sults noted in the following table: 


EFFECrr OF FMABOULATTON UPON FEITIT SETTING. 
CENT OF FRUIT SET. 



1914 

Not 

1915 

Not 


Eiriaseii- 

Em a sen* 

Emaseu- 

Emaseu 


latod 

lated 

latfHl 

lated 


I *01* 

I'er 

Per 

Per 


(Vnt. 

(’out. 

< lent. 

(‘ent. 

Bpnutv X Wjigonor , . 

. . . s>0 

.10 

0.00 

0.00 

Rome BezantV N York I niperinl . .. 

. . . S4)0 

.00 

2..30 

2.90 

Rome Beaut V X Rome Beaut v. 

.24 


0.00 

0.67 

York Iiu])eria?X Wagoner. 

24.70 

0.40 

0.00 

0.00 

York Imperial X York Imperial.... 

.49 

.7.') 

2.60 

0.66 

York Imperial X Koine Beauty. 

12.02 

14.S0 

9.80 

4.64 

Rome BeautV X Beu Davis. 



2.04 

1.82 

York Imfierial X Ben Davis. 



S.24 

4.07 

.\verage . . 

. . K 9(1 

4.00 

4.29 

0^0 


Probably further work would be desirable to fully viu’ify the results, 
but it is signifleanl that for the two years the set of fruit und(‘r (‘luascu- 
latt*d conditions was more than double that where no emasculation was 
practiced. It S(‘em(‘d to mak(‘ no difference in the results if the entire 
calyx and corolla W(‘r(‘ ivinoved, m(^rely the corolla, or if both were left 
practically intact and only tlu* anthers removed. It is unsatisfactory to 
vaguely ascribe this increased set to stimulation due to mutilation of 
flower parts. The term stimulation has been unduly and unwarrantably 
abus<*d by horticulturists and others who havt‘ eni])loyed it to explain any- 
thiiig that was otherwise difficult of explanation. The probable explana¬ 
tion of tile incri‘as<^d activity in emascu1at(‘(l blooms may be found not in 
the fact that they were mutilated, hut rather that they were protected 
from superabundant pollination from their own pollen. It is clear that 
unless a bloom is emasculated it cannot b»‘ cross pollinated without sdf- 
pollinating it at the same time. Probably self-})ollination frequently oc¬ 
curs naturally in such cases before the artificial cross-pollination is 
brought about. Foreign pollen tubes must tlnuj actively compete with 
many tubes from its own pollen with the result that the chances of cross- 
fi'rtilization are l(\ssened. That this is actually tlie cas(» is indicated by 
two tests in 11)15. Two groups of unemaseulat(Ml Home Beauty blooms were 
pollinated by Ben Davis and York Imperial i*espectively, and, of eours(\ 
were unavoidably self-pollinated during this operation. At the same time 
two other groups were self-pollmated and 24 hours later were given a de¬ 
layed pollination with Ben Davis and York Imperial. In both cases a con¬ 
siderably higher percentage of set was secured from the first series than 
from the delayed cross. The obvious conclusion is that in the delayed 
cross the Rome Beauty pollen tubes having a 24-hour lead over those of 
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the Ben Davis or York Imperial had drawn so extensively upon the food 
supply of'the style and stigma that the foreign pollen tubes were unable 
to make a vigorous growth. This might allow the tubes of Rome Beauty 
pollen to reach the ovary first and affect a self-fertilization which might 
or might not cause full fruit development, but which would destroy the 
opportunity for a more efficient cross-fertilization. A second possible ex¬ 
planation is found in the fact that Rome Beauty pollen tubes grow very 
slowly through their own style and only under favorable circumstances 
do they reach the ovary before degeneration takes place in the egg nuc¬ 
leus. It is conceivable that the pollen tubes from the delayed cross might 
be delayed in their growth by the numerous Rome Beauty tubes from the 
first pollination and thus not reach the egg nucleus in time for fertiliza¬ 
tion. 

Methods of Emasculation. 

Before we leave the subject of emasculation it might be well to men¬ 
tion two inethods which were found to be rapid and satifactory. In the 
first a small section of a fine toothed comb was used. The pet^s of the 
unop<‘ijed flower are quickly removed by one jerk from the thumb and 
for(‘finger and then with one or two movements of the comb the anthers 
are literally raked out without injury to the ])istiL It is sometimes neces¬ 
sary to remove altcTiiate teeth from the very fine combs, but the familiar 
‘Mumbo’’ type is usually all right without alteration. By the second 
method the flower is grasped flrmly and a quick snap with the fingernail 
just under the/Hlge of the calyx removes calyx, corolla and stamens, leav¬ 
ing pistil and receptacle clean and bare. Some varieties will work much 
better this way than others. 

Effect of (3ross-Fertilization and Self-Fertilization Upon Seed, 


]Mueller Thurgau, in working with apples, found a positive correla¬ 
tion between number of stieds and weight of fruit. We have already 
noted that cross-pollination as a rule brought about an increase in the 
weight of fruit. Reasoning from this, the expectation would be that fruit 
developiMi by self-fertilization would contain fewer seeds than fniit from 
cross-pollination. This was true and the distinction was very marked, as 
the following table indicates: 


INFLUENCE OF 8ELF-FEUTTLIZATTON AND CROSS-FERTILIZATION 


UPON NUMBER OF SEEDS. 


Rome Beauty—selfed 
Rome Beauty—cros&ecl 
York Imperial—selfed 
York Imperial—crossed 

Wagener—selfed . 

Wagener—crossed - 


Seeds per 
apple. 

а. 50 
7.10 
2.70 
7.00 
1.06 

б. 88 


It will be observed that there are from two to six times as many 
seeds in the crossed fruits as in the selfed ones. This is a far greater dif- 
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ference than was indicated by the size of the apples, but at the, same time 
shows close correlation between number of seeds and size of apple when 
group averages are considered. We find the correlation somewhat dimin¬ 
ished when we consider individual apples within a single group and when 
we take a population made up of all apples of a variety regardless of 
whether they are selfed or crossed, we find the correlation reduced to 
nearly nothing. In other words, we find self-fertilized fruits with only 
two or three seeds developing to a greater size than two or three seeded 
fruits selected from a cross-fertilized group. This may be due to the 
fact that the self-pollinated trees almost invariably set fruit sparsely and 
consequently were able to grow to a larger size those fruits which did 
form. In this connection, it was found that the larger apples always had 
the larger seed, a correlation of little consequence from our viewpoint, 
for it is governed by vegetative development rather than by the sex cells. 

Pollen Germination Tests. 

0)ie possible explanation of partial or complete self-sterility is that 
there may be S(*cretcd upon the stigma certain toxic substances which 
may prevent or retard the germination and growth of the pollen grains 
and tubes. To satisfy ourselves upon this i)oint, over 200 tests were made 
3ii which pollen of several varieties was germinat(‘<l in a stigmatic ex¬ 
tract made from their own stigmas and from stigmas of otluT varieties. 
Germination of all the varieties stymied equally good whether the medium 
was extracted from tlieir owm stigmas or from other varieties. In fact, 
there wrs no difficulty expe?’i(*nced in gc^tting good germination of apple 
pollen in the stigmatic extract from cucumber, tomato and geranium 
blooms. Thus it is evid(uit that sterility is not a ri‘siilt of toxic inhibi¬ 
tion of pollen germination. 

A Practical Test of Sterility in the Rome Beauty. 

In 1915 an orchard of lioim* Beauty that liad been Ix^ariiig only 
moderate crops was us(‘(l for a practical t(‘st of tiie value of cross-poll- 
lination. Six hives of bees were placed in a se^ction of the orchard and six¬ 
teen trees in a block surrounding them were placed under observation. 
Large blooming branches of other varieties were brought in and placed 
upright in pails of water suspended from the trees. The bc^es worked 
this block of trees thoroughly and presumably made a great number of 
cross-pollinations. Another block of 16 trees at some distaoce was used 
as a'check. The amount of bloom upon both blocks was about equal, be¬ 
ing 81 per cent in the bee plot and 83 per cent in the check. Sample 
counts of about 9,000 blossoms showed a set of 12.6 per cent in the bee 
plot and 7.8 per cent in the cheek. In another part of the orchard, 
where a Ben Davis tree had been planted through a mistake, the set of 
fruit was 20 per cent on adjacent trees. The sixteen trees fertilized by 
the bees produced 174^ bushels and the check block 83 J bushels. 

In 1916 the test was repeated and records kept upon six trees (the 
bees were reduced to two hives) and six checks were selected as nearly as 
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possible ideutieal in size and amount of bloom. The blossoming branches 
brought in were not in very good condition and the b^ were not as 
active as the year before. A set of 8.3 per cent was secured in the bw 
plot and 4.3 per cent in the check plot. Yields of fruit were 54 bushels 
and 51 bushels respectively. Trees near the Ben Davis tree set 16.9 per 
cent. 

These tests indicate clearly the value of bees in an orchard. The 
trees in the bee plot were unquestionably more thoroughly self-fertilized 
than in the rest of the orchard, and this fact itself would have probably 
produced smne gain, but it seems clear that this could not adequately ex¬ 
plain a percentage of set double that of the normal, hence we I^Ueve' that 
the greatest gain was secured by reason of the cross-pollination that must 
have taken place. That this was the case is unmistakably indicated by 
the greatly increased set of fruit in the vicinity of the Ben Davis tree. 
Bee activity was no greater at this point than in the cheek trees, and yet 
the set of fruit there was between three and four times heavier than the 
normal for the orchard, as indicated in the check. 


PHTSIOLOOIOAL ASPECTS OF SELF-STEBILITY OF THE APPLE. 

By L. I. Knight, University of West Virginia, Morgantown, W. Va. 

Material and Methods. 

Material was collected at intervals of approximately 24 hours, l)e^- 
ning 24 hours after pollination. It was killed in Gilson’s killing fluid, as 
recommended by A. W. Drinkard (Fruit Bud Formation,and Develop¬ 
ment, Proc. Soc. Ilort. Sci. 1911), was preserved for study in 70 per cent 
alcohol. 

The work was carried on in co-operation with Dr. A. II. Hutchinson, 
of the University of British Columbia, and Dr. S. H. Eckerson, of the 
University of Chicago, who made the microscopical and niicroehemical 
studies. 

The first study was made chiefly on Borne Beauty pollinated by Rome 
Beauty, and Borne Beauty pollinated by Jonathan. Material was em¬ 
bedded in paraflSn and sectioned thin enough for cytological study. A 
triple stain (1) iron alum haemota.xylin (2) safranin and (3) liehtgriin 
was found to give best results. 

Development op Pouj:n “Ditct.” 

There is no stylar canal, and pollen tubes make their way through the 
tissue along a more or less well defined path. Decomposition of the cells 
along this path, or extrusion of material from them, gives rise to what 
Hutchinson has called “mucilage formation.’’ This so-called mucilage is 
doubtless nutritive in nature, but also serves as a lubricant fw the pollen 
tube. The “mucilage formation” was more pronounced in Rome l^auty 
X Jonathan than in Rome Beauty X Rome Beauty, From a mechancial 
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standpoint the progress of Jonathan tubes seemed to be facilitated while 
that of the Rome Beauty tubes seemed to be hindered. Further study is 
necessary on the question of nutrition in the two cases. Fresh material, 
however, will be required for this, i. e., not leached by alcohol. 

Development op Pollen Tubes. 

(a) Germination of Grains on Stigma—In Rome Beauty X Jonathan 
the pollen grains were germinated and empty on the stigma at the end of 
24 hours. In Rome Beauty X Rome Beauty, however, many grains on the 
stigma had not germinated at 24 hours. 

(b) Growth of Pollen Tubes—In Rome Beauty X Rome Beauty at 
24 hours the contents of the tubes m^ra plasmolyzed, while in Rome 
Beauty X Jonathan at 48 hours the tubes were vigorous, the tube nu¬ 
cleus near the apex of the tube. In Rome Beauty X Rome Beauty at 91 
hour>s the tube nucleus was drawn back from the apex of the tube. 

Rate op Growth. 

In Rome Beauty X Jonathan the i)oll(ui tubes were found to traverse 
the length of the style in 48 houi's. In Rome Bc^auty X Rome Beauty 
the tubes were still on the way down the styl(‘ at 91 hours and even at 
120 hours, while at 120 hours the egg cell In^gins to show disintegration. 

It seems, then, that under the conditions of this exp(*riment the 
growth of Rome Beauty tubes in Roim* Beauty stylar tissue is too slow to 
reach the egg before disintegration begins, i. e., iTi time for fertilization. 

Embryo and Endosperm Development. 

After fertilization the endosperm is first to start- development. The 
embryo in Rome Beauty X Jonathan at 192 hours was 2 to 3 celled, and 
by 240 hours was many celled. 

Further study, chiefly microchernical (by Dr. S. H. Eekerson). 

Methods .—The tissue from 70 per cent aleohol was macerated and 
teased out on the slide as offering the best means of following the course 
of the pollen tubes. The style was usually split dowm one side and laid 
open. The stain used was either resorcin blue or aniline blue. The former 
gives a deeper stain, but it is not permanent. Aniline blue, on the other 
hand, gives a fainter stain, but it is more permanent. Theses stains owe 
their efficiency to the fact that in dilute solution they stain only callose. 
The method of using callose stains was employed by Mangin in 1895 in 
tracing hyphal threads. Later Jost, Molish, Osterwalder and others used 
the method in tracing pollen tubes and demonstrated the existence of 
callose plugs in pollen tubes of a number of different species. Cal¬ 
lose plugs were shown in the pollen tubes of a number of apple varieties 
in the course of the present study, and their deep staining with resorcin 
blue facilitated the tracing of the course of these tubes. 

In Rome Beauty X Wagener and Wagener X Rome Beauty a good 
many fertilizations occurred within 24 hours. Ten were examined of 
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each cross with 3 or 4 fertilizations. In Borne Beauty X Rome Beauty 
at 24 hours several tubes had reached the base of the style. Fertilization 
occurred in a few cases in 48 hours. The effect of conditions on rate of 
growth is quite marked if we compare results of this study with those of 
the first study. At moderate temperature (as in the first study) Rome 
Beauty tubes required 91 to 120 hours to traverse the Rome Beauty style. 
At high temperature (’80-90 degrees F during the day, as in this study) 
24 hours only were required to traverse the style in Rome Beauty X Rome 
Beauty, Perhaps here lies the explanation of self-fertility under certain 
favorable climatic conditions of ordinarily self-sterile varieties of apples. 

A. Osterwalder (Landw. Jahrb. (Berlin) 39 Heft 1-6, 917-998,1910), 
reports experiments where 2 days and 4 hours were required for tubes to 
reach the locules in one variety of apple when cross pollinated. 

E(me Beauty Selfed—Further i:Siiidy—A higher degree of acidity 
(ll-ion concentration) was shown in Rome Beauty X Rome Beauty than 
in Rome Beauty pollinated with foreign pollen. 

There was in Rome Beauty X Rome Beauty a gr(*ater content of cal¬ 
cium oxalate crystals and also of crystals that are possibly calcium malate, 
in as nuich as tlu^y were present in the alcohol-preserved material. Pol¬ 
len tubes as well as stylar tissue showed great (luantities of these crystals 
((‘alcium malate?). 

Ov(*r 300 pollen tubes were found in one style of Rome Beauty X 
Rome Beauty and as many in each of the othtu* four. Most of these 
(roughly 275 of tlu^ 300) reached only to the base of the stigma, a dis- 
tanee of I to 2 mm. (Vnnptdition for food is suggested. A few, however, 
do travtTse the full hmgtli of the style and soine even passed beyond the 
locules to the base of the ovary. It is possible that Osterwalder examined 
only th(» foruuu* type of short tubes and consequently reached the con¬ 
clusion that in case of self-pollination of pear and a))ple the tubes pene¬ 
trate only 2 to 4 mm. in a style of 10 mm. 

AKTiFiofAr. (hi.TrRK OF Pollen. 

(a) —(h Media —In our earlier uork 8 to 10 per cent cane 

sugar solution was found to 1 k‘ the best germinating medium. Dr. Eck- 
erson found 3 per eent frmdose to give best i*esults with pollen from 
f()r(‘e<1 material. Osterwalder found that 5 to 10 per eent cane sugar 
gave g(K)d germination, if a ])ortion of the stigma were present. We 
found stigmatic extract neitlier favorable nor inliibiting in its effect when 
added to sugar solution. 

(b) Accelerating Effect of Asparagin —Dr. Eekerson found that a 
trace of asparagin added to 3 ])er <*ent fructose solution increased the 
growth rate and total growtli of the pollen tuix's. Asparagin was sug¬ 
gested since it was shown to be present in the style,—is in fact one of 
the most abundant and widely distributed amino acids in plant tissues. 

(c) Maximum growth of tubes in artificial culture (fructose and trace 
of asparagin) was more than the required length to reach from stigma to 
egg. A maximum length of 10 mm. was attained by about 5 per cent of 
the tubes. The required length in case of Rome Beauty style is 7 mm. 
The maximum length was reached in about 2 days. These results are in 
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marked contrast with those of Jost (Bot. Zeitung. Heft 5 and 6; 77416, 
1907), who claims that he was unable to get in any artificial culture a 
suIBciently great tube growth to reach from stigma surface to egg. 

Pollen grains of different varieties germinated well in distilled water. 

Study of Fresh Material (from twigs brought into greenhouse for 
forcing)—When the pollen mother cell divides, the division walls are at 
first of cal lose (in tetrad stage). A thin layer of pectic substance soon 
enters as a sort of middle lamella and subsequently forms the outer cover¬ 
ing of the individual pollen grains. Thus the exine is of pectic substance 
and the in tine is of callose. In the tetrad stage of the pollen mother cell 
then* is just a trace of glucose and a trace of phosphate. Phosphate dis¬ 
appears, but glucose increases in amount until suddenly starch appears in 
very minute grains. No test was obtained for amino acids at this stage. 
With germination of grains and growth of tubes, tests showed the pres¬ 
ence of glucose, fructose, and sucrose, as wtdl as a trace of asparagin. 

Calcium oxalate was found in abundance in the ovary and surround¬ 
ing tissues of young fruit buds (more than in leaf buds). The calcium- 
oxalate crystals disappeared as the floral organs developed, in this forced 
material. This may be compared with the ai)pearan(*e and disappearance 
of magnesium oxalate in wheat (State Coll, of Washington, Agrie. Exp. 
Sta. Bull, 139, }). 6). There is here a question as to the role of calcium- 
oxalate in mt'tabolism. Injection of oxalic acid into some* plant tissues 
has been shown by H. (-. Sampson (sonn* unpublisln^d experiments) to in¬ 
duce abundant deposition of starch. It suggests a possil)ility that n(»eds 
investigation here. 


Plvg-b^irm \tion in Pollen Tubes. 

As the pollen tube puslu*s out of tin* grain, callose stains show that 
callose forms a lining of the tube. In tubes 3 hours old a ring-like thick¬ 
ening, preliminary to plug-formation, begins. At 5 hours in tubes iV 
mm, long, 2 to 4 plugs were starting. In tubes to 10 hours old and § 
to 1 mm. long, four complete plugs and th«‘ b{‘ginnings of two more were 
seen. Within a very bri(*f time tin* oldest plug is completed, shuting off 
the protoplasmic contents of the tulx* from the grain, consequently its 
subsequent growth must d(‘pend almost entirely upon its nutrition in the 
stylar tissue. 

We have pnwiously mentioned tin* advantage* that may be taken of 
this j)Iug-formation in tracing the tulx^s down the .style. 

From our study thus far we may eomdude : 

(1) Self-sterility of Rome Beauty is not due to sterility of the pol¬ 
len, as has lx*en shown to be the cast* in certain varieties of grapes. 

(2) Sensitiveness of pollen to overabundant moisture supply is not 
involved here as a factor, as has been shown by Jost for the pollen of 
many grasses, barley especially; and by J. N. Martin for the pollen of red 
clover. The pollen of Rome Beauty and many other varieties germinated 
well in distilled water. 

(3) Rome Beauty stigmatic extract offers no inhibition to the germi¬ 
nation and growth of Rome Beauty pollen. 
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(4) Borne Beauty stigmas offer no particular mechanical obstruction 
to the penetration of Rome Beauty pollen tubes. 

(5) Self-sterility of Borne Beauty is not due to inability of its own 
pollen tubes to grow deep enough to reach the egg. This has been sug¬ 
gested as the cause of self-sterility in certain pear and apple varieties 
by the work of Osterwalder, 

(6) Prom present indications one important factor in self-sterility 
of Rome Beauty is the relatively slow rate of growth of Rome Beauty 
tubes in Rome Beauty stylar tissue. Doubtless other factors will be found 
upon further investigation. 


WIHTEE INJURY TO CHERRY BLOSSOM BUDS. 

By R. H. Roberts, University of Wisconsj^nf MadmUy Wisconsin, 

While winter injury to cherry blossom buds is common in Wiscon¬ 
sin, it is seldom sufficiently severe to affect seriously the yield of fruit. 
Because of the severe injury which occurred in the winter of 1915-1916, 
investigations were begun to determine, if possible, the conditions asso¬ 
ciated with the occurrence of the killing of the blossoms. Although pre¬ 
liminary observations were made in the spring of 1916, a systematic sur¬ 
vey of the situation was not made until the spring of 1917. As the in¬ 
jury was much less common in the spring of 1917, this offered a better 
opport^inity to study the causal factors. The studies were made in the 
cherry growing section of Door county, near Sturgeon Bay. Less de¬ 
tailed observations in the Bayfield district revealed parallel appearances 
of the injury in this section. 

A summary of the conditions associated with the occurrence of the 
injury, as determined by these studies, follows: 

1. There was a very large number of blossom buds on the trees. 
Terminal growths of less than six inches had practically no leaf buds. 

2. No dying back of the wood was observed. All of the winter injury 
was confined to the blossom buds. 

3. Frequently only one or two of the four or five blossoms within a 
bud were killed. 

4. While the injury observed in 1916 was much more severe than in 
1917, it occurred with the same i-elation with regard to varieties. In that 
year Richmond buds were very badly injured, especially on the older 
trees; the older Montmorency trees were badly injured and the young 
trees of Montmorency were the only ones to have a satisfactory crop of 
fi^uit. In 1917 old Richmond trees were the only ones showing serious 
injury. Old Montmorency and young Richmond trees were slightly in¬ 
jured and young Montmorency trees were very free from injury. 

5. The amount of injury bore little to no apparent relation to ex¬ 
posure. 

6. Trees which had been partially defoliated by shot-hole fungus the 
previous season had less bud injury than trees which had normal foliage. 

7. Young trees and so-called shot-hole’' trees were later in blos¬ 
soming in the spring than other trees of the same variety. 
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8. When the injurj" was prevalent as on old Richmond trees, the 
shortest and longest spurs showed less injur}’' than spurs of medium 
length. 

9. Along the terminal growth the injur>" to the lateral buds was 
much more noticeable through the central part of the growth than at the 
base and the tip. 

10. The larger buds were most injured. 

11. The end lateral bud, that is, the one nearest the terminal bud, 
showed less injury than the lower buds. 

Detailed observations were made to determine the correctness of the 
conclusions resulting from the field studies. An examination of a thou¬ 
sand buds on an average Richmond tree 16 to 18 years of age, showed the 
positive relation between the amount of growth made by the tree and the 
injury resulting to its buds: On the lower portion of the tree the terminal 
growth averaged 2.79 inches in length; 7)5.4 ]>er cent of the buds on this 
wood were dead and the living buds prcduc(‘d 1.88 blossoms per bud. In 
the top of the same tree 54.84 per cent of the terminals were less than six 
inches long and averaged d.87 imdies in length; 21 per cent of buds on 
these limbs were* dead and the remaindej* i>roduced an average of 2.39 
blossoms per clustcu*. Thus 100 buds on the lower part of the tree would 
produce 83.84 lilossoms, while 100 buds from tin* growthvS shorter than 
six inches in the top of th(' tree would diweloj) 188.81 blossoms. As there 
was much less injury on tlie growths long(‘r than six inches than on those 
which w(‘re sliorttT than tliis, it is ap])arent that tlu‘ injury was ajiproxi- 
mately three times more common on the lower limbs than on the higher 
parts of the tre(s where th(‘ growth was greater. 

When injury 0 (*curred on the young trees it was also more sev(‘re 
whi*re less growth was made. A tree wliich made* little growth was com¬ 
pared with a normal young tree, 500 buds being (*xamined on each. The 
terminals of the former averaging 4.54 inches long. 48 per cent of the 
buds were dead and tlie remaining buds averaged 1.96 blossoms each. On 
the other tree tlie b^nninals averaged 10.18 imdies long, but 7 per cent 
of the buds on tliis wood were dead and the n^mainder averaged 3.66 
blossoms each. Thus the tree making the smaller amount of growth devel¬ 
oped 101.96 blossoms for eacli 100 buds, wiiile the tree which made a 
gi’eater growth ])roduced 340.38 blossoms for each 100 buds. 

Immaturity of the tree growth has heem consid(U’ed, frequently, as the 
cause of winter injury. It is apparent from the above fact that imma¬ 
turity, or at least late maturity of the M’ood growth, was not the cause of 
the injury to the buds as commonly o<;cnrring in Wisconsin. In fact, the 
injury became less severe as.the amount of shoot growth, and the conse¬ 
quent lateness of maturity of the growth, increased. The amount of 
growth maxle by the trees was doubtless the reason why young and old 
trees of a variety, were in different classes as regards susceptibilty to in¬ 
jury. 

Measurements of the length of the si)urs verified the observation 
^^that the buds were more injured on the spurs of medium length.’^ The 
length of the spurs and the eorrespoiiding injury was 4 to 6 mm, 8 per 
cent; 6 to 10 mm, 35.71 per cent; 10 to 100 mm, 75 per cent; 200 to 300 
mm, 32.13 per eent; 300 to 350 mm, no injury. 
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By measuring the buds while they were still dormant it was found 
that the larger buds were more frequently injured. The average su^s of 
300 buds from growths showing various amounts of injury were as fol¬ 
lows: 

Injury, 21.43 per cent. Width, 2.07 mm. Length, 2.98 mm. 

Injury, 54.14 per cent. Width, 2.23 mm. Length, 3.35 mm. 

Injury, 79.22 per cent. Width, 2.48 mm. Length, 3.76 mm. 

The fact that the larger buds showed the most injury would appear to 
verify the conclusion arrived at through the observations made in 1916. 
This opinion was that the injury bears a definite relation to the degree of 
development which the buds had attained at the beginning of the winter 
period. 

The killing of the buds is not due to any so-called second growth fol¬ 
lowing unusually high winter temperatures, as has been reported as being 
the cause of the killing of peach buds. The type of injury common in Wis¬ 
consin occurs early in the season, usually before New Year’s. Dissection 
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and examination of the buds showed that injury has already taken place 
this season following a temperature of minus 12 degrees F. during the 
second week of December. The temperature this winter, as is usually the 
condition, was constantly below the freezing point from the time the first 
low temperatures were reached until the injury was apparent. 

In order to ascertain if there was a relation between the amount of 
development of the buds and the occurrence of the injury, samples of 
buds were collected from different locations in the tree, different aged 
trees and different varieties of trees at intervals throughout the growing 
season of this year. The results obtained from sectioning approximately 
400 buds are shown in the accompanying charts. 

The development of the buds from spurs one-quarter inch in length is 
indicated by the camtTa liicida drawings of Chart 1. These outlines rep- 
i^esent the bud development on September 15. Examination of material 
collected December 1, 1917, indicated that the buds had the same rela- 
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tive development on this latter date. As shown by the chart, the buds 
from trees which were partially defoliated by shot-hole fungus were less 
developed than the buds from old Montmorency and young Richmond 
trees. These show about equal development. The buds from old Rich¬ 
mond trees are markedly more developed than any other buds. It is seen, 
then, that the relative degree of development of the buds is shown to be in 
direct relation to the susceptibility to injury of the different trees. 

Chart 11 shows the occurrence of injury, the relative size of the buds, 
the size of the leaves and the relative bud development on the terminal 
growths of old Richmond trees. The shoot shown is an average of the 
growths of four to five inches in length. It is apparent that the injury 
is most prevalent through the central section of the growth. The buds at 
th(^ end are very free from injury, the tip bud being specially so. On 
wood liaving 55.4 per cent of dead buds only 8 per cent of the so-called 
t nd buds were dead. The living end buds averaged 3.02 blossoms each, 
while living buds of the other class averaged but 1.51 blossoms per bud. 

It may l>e noted that the size of the buds is in proportion to the oc¬ 
currence of the inju^>^ The point of greatest interest is, however, that 
the relative development of the buds is greatest wliere the injury has 
b(‘eTi ol)s(‘rve(l to occur the last two se^asons. 

Tlu* range of development within the buds is also very noticeable and, 
on tile basis of the theory that the a<lvHneeni(‘nt of the blossom is directly 
r(*lat(‘d to the injury, helps to explain wdiy individual blossoms within the 
bud are killed and oth(u\s are uninjured. 

The reason for the variation in developrmoit of i\w buds on the new 
shoots may, perhaps, be accounted for as fellows: A period of four or five 
weeks is required for the new shoots to attain a growth in length of four to 
fiv(‘ inches. This might partially explain why the buds near the tip of the 
growth are less d('veloped than the buds through the central portion of the 
shoot as tlH»y would be later in forming. Some other reason must be 
found to explain the case of the basal buds as the degrcH^ of development 
of these buds is opposite to the period of formation. 

The siz(‘ of the leaf subtending the bud is siiggesU'd as being a factor 
of ])rim(‘ importance iji inflmuicing the development of the bud. This is 
indicated by the lesser degrta* of development of buds on defoliated trees, 
In this connection, what might Ik* termed the localiz(*d influence of the 
haf upon bud dev('lopment was clearly demonstrated by an experiment 
which was performed upon some Ameri(‘an })lum tixc.i. Allerinte leaves 
were removed from tin* long terminal growths of young trees. Removal 
of these leaves resulted in an arrested development of the accessory’^ blos¬ 
som buds. No blossom buds formed when the leaves were removed, which 
left bloasom buds only at every other jixillary bud where* the leaves'Were 
undisturbed. 

The buds having the least amount of development were found on 
shoots or spurs which had been partly defoliated by shot-hole fungus and 
on very strongly growing shoots. In this connection Kraus’s theory of 
growth, as stated in unpublished manuscript, would furnish an interest¬ 
ing explanation of how equal bud development might result from what is 
apparently opposite conditions of vigor. The theory is that normal fune- 
tioning, as evidenced by blossom bud formation, is dependent upon the 
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balance between the unelaborated substances and the assimilated products 
of the plant. As these vary from normal there is a corresponding devia¬ 
tion from normal growth. Also that the amount of growth is largely de¬ 
pendent upon the nitrates present while the condition of growth, as re¬ 
gards blossom bud formation, is dependent upon the relative amounts of 
carbohydrates present. To apply the theory to our problem, in the case of 
the young trees which have made a heavy wood growth the carbdhydrates 
were utilized in the formation of tissue with a consequent arrested devel¬ 
opment of the blossom buds. With older trees which make less wood 
growth more bud development follows. In the instance of the partially 
defoliated trees carbohydrate formation was doubtless below normal and 
less differentiation was the result. The same condition might also exist 
with regard to the smaller leaves at th(^ base and tip of the growth where 
less bud development was found. 

Studies have not been made to determine why the hardiness of the 
buds is affected by their degree of development. It has been suggested 
that the mechanical spreading of the bud scales by the developing blos¬ 
soms may be the determining factor. In opposition to this view is the 
fact that some of the individual blos-soms within the bud may be injured 
while others develop normally. Such injury, apparently, has no relation 
to exposure and climatic conditions, which suggests that th<^ determining 
factor would be the condition of the individual blossoms of each bud. 

The amount of the injury is in relation to the degree of develop¬ 
ment of the blossom buds, which, in turn, is usually in proportion to the 
amount of growth which the tree is making. However, it will not be pos¬ 
sible to entirely prevent the injury through increasing th(“ growth of the 
trees as the injury is i)rimarily due to climatic conditions. 

These preliminary' observations are given at this time because of their 
bearing upon the cultural methods practiced in localities where injury is 
likely to occur, and iH'cause of the possible value which they may have in 
dealing with bud injury of fruit trees of .similar fniiting habits, as the 
swe(‘t cherry, plum and jieach. 


FEDERAL POINT OF VIEW OF DEMONSTRATION WORK IN HORTI¬ 
CULTURE AND POMOLOGY. 

By C. P. Close, IJitiUd Stales Department of Agriculixire, Washing- 

ion, D. C. 

Introduction. 

Usually the term horticulture includes pomology, but as used in the 
United States Department of Agriculture, horticulture includes the vege¬ 
tables and ornamentals, and pomology includes the fruits. The speaker 
does not favor this usage but accepts it for the purpose of this address. 
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Emergency Effort. 

For the present the slogan of this demonstration work is ‘‘do that 
which is most important to help win the war/' even if it does not entirely 
harmonize with departmental policy under normal conditions. This is 
meant, of course, to keep within the legal limits in the expenditure of 
public funds. Emergency elfort should not violate good practice as re¬ 
gards crop rotation, soil fertility, etc., but a well-balanced program should 
be maintained. Even though the war may not last more than two or 
three years we must not only plan to support ourselves during that time, 
but also for the years following. 

Wif AT IS Demonstration Work. 

Demonstration work is the distribution of information through the 
actual doing rather than talking about knowledge gained at an experiment 
station, on a farm, in a garden, or wherever agricultural truth may be 
t(‘st(‘d out and i)roven. Demonstration begins where experimentation ends 
and (^arri(‘s it to the orchard, garden, farm, extension school, or wher¬ 
ever it may be made useful. Good agritmltural practice conducted by 
farmers, truckers and orchardists on their own farms is high grade de¬ 
monstration work. 


Lines op Demonstration Work. 

The lines of dcunonstration work should center on the few things most 
needed, but are limited only by expt'riments completed and methods de 
vised and ])rov(m sound. They may deal witli commercial or home orch¬ 
ards. gardens, truck crops, ornaraimtal plantings, etc. In young orchards 
they include th(* jireparation of soil, digging and dynamiting holes, prun¬ 
ing and jdanting trees, cultivating, intercropping, spraying if necessary, 
and cover cropping. In older orchards they may cover pruning, spray¬ 
ing, cultivating, cover cropping, picking, grading and packing fruit. Fer¬ 
tilizing is doubtful, but is being done. The uses of fruit in making fruit 
butters, jams, jellies, preserves, fruit juices, vinegar, etc., and for canning 
and drying, are most important lines for demonstration effort. 

in vegetable work tliey may include the use of hotbeds, coldframes, 
seed-bed sanitation to produce healthy plants, production of healthy sweet 
potato plants, selection of healthy seed potatoes, growing special crops on 
special soils, disease and insect control, gathering, grading, packing and 
storing, and also canning, drying, pickling, etc. 

Tile wmrk with ornamentals may cover the selection and use of va¬ 
rious kinds and types of plants in crmmunitv demonstrations, on farms, 
on public properties generally and at educational and other institutions. 

Then^ are also the exhibit and lecture features carried out at state, 
county and community fairs, and by means of single lectures and exten¬ 
sion scliocls\ 

Source of Demonstration Information, 

There is no limitation as to where the information may be secured. 
It may come from the state experiment station or any other experiment 
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station or from any source whatever, public or private, farm or garden, 
so long as it is sound and applicable. 

Subject Matter Speciaust and Subject Matter Bestonsibiutt. 

The subject matter specialist is the man trained in the line of Vork he 
is to demonstrate. He should be thoroughly informed on all phases of his 
subject both in theory and in practice. Skill, tact, good judgment and 
resourcefulness are required of him. Responsibility for subject matter 
usually rests with the department at the college of'station with which the 
specialist is connected. 

Relation op Sub.ject Matter Specialist to Copnty Agent. 

In a county where there is a county agent the specialist should plan 
demonstrations with him and reach tlu* couiity through him. They may 
jointly select the place of demonstration and the county agent should ad¬ 
vertise the date and nature of demonstration and get out the crowd. The 
county agent i)roject should provide for tlie help of the various special¬ 
ists. and he should lie free to call upon a specialist for help at any time. 
Tt may not be [)ossible, however, for the specialist to respond to ever>" call. 
In counties having no agent the specialist must necessarily work with in¬ 
dividuals or associations direct. 

Relation of Federal and State Cooperative Pro.iects. 

Projects are drawn np in the regular approved form and should 
state the definite lines of work to l)e <lemonstrated, which must be mu¬ 
tually acceptable to all parties concerned. Plans are jointly agreed upon 
and the administration of the work is delegated to the State Extension 
Director in accordance with the memorandum of understanding entered 
into between the Federal Government and the State. 

Relation op Federal Specialist to State Specialists and State 

Projects. 

The federal specialist will visit the state specialists and discuss lines 
of work, equipment, methods of procedure, follow-up work, results and 
any other points bearing on the projects; he will co-operate with the state 
specialist in every possible way to build up strong lines of productive 
work. lie will go with the state specialists and county agents to witness 
demonstrations in orchards, gardens, truck crops, ornamental plantings, 
etc., and will visit extension schools to study methods of teaching, and the 
charts, pictures, lantern slides and other illustrative material used. He 
will keep the state informed of the help which is available in his depart¬ 
ment in Washington, and will keep his department informed as to needs 
of the state for help. 

Demonstration Procbjduee. 

The county agents should advertise demonstrations and get out as 
large crowds as possible. All equipment should be on hand and in good 
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condition so no time will be lost on repairs or in the use of substitute 
tools or in making apologies. The interest of the crowd should be held 
to the points being demonstrated; outside distractions should be avoided 
as much as possible. 

The specialist or whoever is conducting the demonstration should 
explain each operation as he proceeds. If it is a pruning demonstration 
he should not only work as he talks, but also have volunteers from the 
crowd saw off limbs as he directs and thus learn by doing. He should 
pick out the men who show skill in any line of work, as, for instance, 
pruning, and train them for futuVe work in the community. This should 
be done in as many lines as possible so as to have well trained workers 
throughout the counties. 

I )(‘in oust rations should be conducted at the same place until some¬ 
thing has really been demonstrated. Follow-up work is as essential to suc¬ 
cess as is the initial demonstration. Orchard demonstrations particularly 
should be held from three to five years in the same orchard and with the 
same trees. The condition and treatment of the trees any one year differ 
from that of any other year and the whole series is really necessary to 
teach a real lesson. It would be well were most projects planned to run 
from three to five or more years and be secured by contracts stating 
<*](‘a!*l.v the obligations of all parties interested. The contract plan is in 
effect in several states and is to be commended. 

f)(Mno]istrations should be loc‘ated along main lines of travel whcui 
|)raeti(*able, and should always be easily accessible to interested people. 
A d(Uuonstration orchard or plat is quasi-publie property as far as learn¬ 
ing lessons from it and visiting it are concerned. The man upon whose 
place tilt* tlemonstratioii is conducted should become the center of informa¬ 
tion for Ids neighborhood. The final success of any demonstration is the 
extend to which the principle or practict* ])resented actually lx*eomes the 
habit of the individual or community. 

We:akness of Some Demonstration Work. 

One principal weakness is that some of the demonstration work is 
scattered over too many minor subjects with no follow-up effort. One 
visit often begins, conducts and ends a project, then it is history, or junk. 
Some ])rojects are not well planned, they an* hit and miss and short, and 
fleeting. They are in one place one year and in another the next, and do 
not drive home the lessons they are sujiposed to teach, 

A very important weakness in the* work at present and one not easily 
nunedied, is the frequent change of specialists. Each change tends to in¬ 
terrupt the work and time and results are lost. Perhaps some time the 
specialists will fit so successfully and satisfactorily into their positions 

that outside offers will not tempt them to change except rarely. 

♦ 

Some Good Lines of Work Under Wat. 

Some of the good lines of work under way are the pruning, spraying, 
cultivating and cover cropping of farm and commercial orchards; reno¬ 
vating run down orchards; thinning fruit; grading and packing apples 
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and peaches either with individuals or communities; top working fruit 
trees; growing vegetable seed; producing disease-free vegetable plants; 
control of diseases and insects of vegetables; seed potato selection, produc¬ 
tion and treatment for disease; potato culture; the laying out and improv¬ 
ing of home grounds and school and other public grounds and the demon¬ 
strating of proper varieties of flowers, shrubs, trees, etc., for this pur¬ 
pose. This is not intended to be a complete list of all the good demonstra¬ 
tion work in progress, but covers the range of projects pretty well. 

Conclusion. 

The demonstration movement has developed so rapidly that it may 
take us some time yet to find ourselves and to know just where we are at. 
Although at present there is a great mass of tested facts and methods at 
hand for effective demonstration distribution, yet we feel that we will 
soon be treading upon the heels of our research men, and it behooves them 
to push their discoveries into the mysteries of plant life and furnish us 
abundant material for future use. 


FRIDAY, DECEMBER 28, 2:00 P. M. 

FACTORS NECESSARY FOR SUCCESSFUL EXTENSION WORK IN 

POMOLOOT. 

By R. W. Rees, Cornell University, Ithaca, .V. Y, 

There seems to be no very clear conception of just what constitutes 
success of extension work in pomology, and how this success is to be 
measured. Too frequently it is rated by the number of lectures or demon¬ 
strations given, the number of letters written, and the amount of printed 
material sent out on the mailing list. I think we will all agree that while 
it is desirable to reach a large number of people, the number reached 
does not measure the value of the undertaking or its true success. Per¬ 
haps a real measure would be the number of growers who adopt success¬ 
fully the recommendations of the extension specialist. To secure an accu¬ 
rate count of such men would be very expensive in time and money, and 
it would be impo&sible to measure the degree of their improvement. 
While we grant the success attained in following recommendations to be 
a good measure of success, we do not believe it to be a practical measure 
in checking up the results of a general project. 

As a state leader of extension work in pomology, I feel that less em¬ 
phasis should be placed on the number of people actually reached, and 
greater emphasis placed on the fundamental principles of sound extension 
work. 

It is evident that the success of extension work will depend upon de- 
temining the real problems of pomology in the state, the soundness of 
principle on which the work is conducted, and the efficiency in presenting 
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subject matter to the people. There are five factors which contribute 
largely to the success of extension teaching. They are: relationships 
within the department; relationships with organizations throughout the 
state; drawing the project or properly planning the year’s campaign; 
preparation of subject matter material; and execution of the work. 

In most of our institutions each department is divided into three sec¬ 
tions; research, residpt teaching, and extension teaching. These three 
sections are of necessity more or less interdependent. Extension is par¬ 
ticularly dependent upon research work. Its great function is teaching 
known facts to the people of the state, and if these facts are not supplied 
it fails. Most cordial relationships must exist between the extension and 
research specialists if we are to reach the greatest success in extension 
work. 

In most colleges all members of the department do more or less ex¬ 
tension teaching in the form of special lectures or occasional demonstra¬ 
tions. Such being the case, it is important that there be a close understand¬ 
ing between all men of the department and a unity of ideas regarding sub¬ 
ject matter. Extension work may be rendered almost valueless in a given 
section by two men from the same department advocating widely different 
practices or methods in orchard work. Unity of teaching can be secured 
by frequent informal conferences to consider subject matter and depart¬ 
mental recommendations regarding it. 

Organizations throughout the state are increasing in numl)er and 
strength. Many of these may be used to strengthen and to further exten¬ 
sion work. Without doubt by far the most important and effective organ¬ 
ization is the Farm Bureau. In all counties where considerable extension 
work will be conducted it is important to keep in close personal touch 
with conditions by frequent conferences with the farm bureau manager. 
Such visits are not only important for securing information concerning 
local conditions, but also in building and maintaining cordial relation¬ 
ships. Ill working with the Farm Bureau it is important for the exten¬ 
sion leader in po-rnolog;)^ to have an opjiortiuiity to look over all county 
projects relating to fruit growing. 1 have found a number of cases in 
New York State where we have been able to materially strengthen county 
proje(*ts and make them harmonize with our general state project. 

A definite understanding of relationship with the State Department 
of Agriculture is very desirable. Such a department may in many cases 
be very helpful both in securing and in disseminating information. If 
proper relationships exist with such organizations as fruit growers’ as¬ 
sociations, horticultural societies, the grange and other associations, th^y 
may frequently be of great service in carr>dng out state or district cam¬ 
paigns. 

Previous to the passage of the Smith-Ijever Act most extension 
work was very poorly planned. Perhaps there were a few phases of the 
work more or less clearly outlined, but the general tendency was to sim*^ 
ply take care of the miscellaneous requests for lectures and demonstra¬ 
tions. No doubt some good came from this scattering type of work, but 
much time was lost and effectiveness weakened by lack of concentration. 

All work conducted with Smith-Lever money must be in project 
form and all other work should be. Preparing the project is a matter 
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which requires a knowledge of the problems confronting the growers in 
the state, a careful weighing of these problems as well as a careful weigh¬ 
ing of what you have to o&er. The project should be drawn by the ex¬ 
tension specialist after consultation with the extension director. After 
being drawn it should be considered in detail and necessary revisions 
made at a conference of all members of the department. It should be 
broad enough to meet unexpected emergencies, yet concise and definite, 
giving an outline of the work which will actually be conducted. 

While it will always be necessary to meet a greater or lesser number 
of miscellaneous rt^quests for work of a general character, they should 
be kept to the minimum. Great^er effectiveness will be secured if the work 
is planned in the form of campaigns, of county, district or statewide 
character. Such operations as pruning, spraying for the control of cer¬ 
tain pests, certain types of orchard soil management, thinning apples or 
peaches, and the establishment of central packing houses, are good sub¬ 
jects for county or district campaigns. By carefully planning the sea¬ 
son work and maintaining proper relations with agencies in the field, 
several of these campaigns can be conducted each year. 

The preparation of subject matter for (extension teaching is very 
important. In almost every state demands on extension workers have 
been far too heavy for the good of the work. The schedule on th(‘ road 
has been such that adequate preparation is out of tin* question. A C(T- 
tain amount of reading or writing can be done on the train or in th<^ hot(‘l, 
but on the average crowded train or in the uninviting small country hotel, 
the atmosphere is not conducive to keen thinking and careful i)repara- 
tion. T believe the averag(‘ man will do more r(‘al effectiv(‘ work in a yc^ar 
if at least half his time is spent in preparation. 

In conducting a campaign it is necessiiry to prepare artlch‘s for farm 
bureau and county newspapers. Such articles must l)(‘ well prepared. 
They must meet the local situation, must be concise and be written in 
readable styh*. Time must be given to their preparation. 

Heading courst^ cinmlars and bulletins of the i)opular ty])e published 
by extension departments need particularly c.areful preparing and (edit¬ 
ing. When sent out on request they go to persons who really desir(‘ infor¬ 
mation and will carry out instructions just as stated, tlierefore the jieed of 
greatest care in statement of subject matter. Su(di publications reach a 
different class of people than do research bulletins. lUie majority of per¬ 
sons who read research bulletins consider them as the work of the author 
and not the institution. The credit or discredit gO(^s to the autlior. The 
majority of peoph* who read exHuision circulars do not consider the au¬ 
thor, but hold the college responsible for the recommendations. 

Pew phases of extension work require more time in preparation than 
exhibits. The one in charge of preparing the exhibit must know by what 
class of i)eople it will be most largely visited. If most visitors are fruit 
growers, be must know what kinds of fruit they grow, and what features 
of production will be of the greatest value to them. If the exhibit will be 
most largely visited by people of the city, educational features for the 
benefit of consumers should be given the leading place. To be worth 
while the whole exhibit must be plain and simple, yet alive and attract- 
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ive. Without neglecting the artistic it must be plainly educational and 
of such a nature that it will at a glance drive home one or two points. 
So much time and expense are required in preparing pomology exhibits of 
educational value that there is grave doubt as to their advisability where 
they will not receive a very large attendance of the classes it is desired to 
reach. 

Extension lectures, whether given as single lectures or given in series 
at demonstration schools, have suffered from poor preparation. The ex¬ 
tension instructor does not have time to conduct experimental or research 
work, but he must have time to study and keep informed on the latest 
work covering a wide range of subject matter. He must also have time to 
work this material up in a clear, lo^cal, concise manner. Even in an up- 
to-date community of fruit specialists, it is very easy to impress them 
with a talk which does not add one word to their knowledge or even make 
them think. All that is necessary is to agree with present practices and 
do it in an attractive way. Such a talk is plainly a waste of time. If we 
do not get down to some real fundamental facts and give people something 
to think about, we had better stay at home. Every time an afternoon lec¬ 
ture or demonstration is attended by 50 men the community has theoreti¬ 
cally lost one month of working time* for one man. It is important to 
leave something to compensate for this time. 

In the actual execution of extension work the two big problems be¬ 
fore the extension leaders are to keep his program of work up to a time 
schedule and to perform a maximum amount of work with a given amount 
of finance and assistance. Pruning demonstrations late in the spring 
after the bulk of pruning has been done, are for the most part a waste of 
time. Th(\y had much Ix^ter be given in the late fall and early wdnter 
when men who attend them will still hav(‘ a chance to utilize any points 
they may gain, Likewis<.% demonstrations in grading and packing should 
bi^ given with late summer and early fall varieties before the picking sea¬ 
son opens up for winter sorts. The subject matter taught by lecture or 
demonstration should be slightly in advance of the si^ason when it is to be 
used. 

Tlu‘ importance of a carefully plaiined itim»rary which will give a 
maximum number of lectures, demonstrations, conferences or orchard 
visits, in a limited time and wutli tlie least amount of travel, cannot 
be over-emphasized. Preparation can best Ix^ done at home. When on 
the road all available time should Ixi spent in actually doing extensio-n 
work. 

Tln^ proper utilization of individuals and agencies iu the field will 
greatly increase* the amount of work w'hich may be couduct(‘d in a given 
period. In every state there are a number of growers who are able and 
willing to give a few lectures or demonstrations. It is seldom advisable to 
use these men in their own communities, but they can Ix^ used with the 
gr(mt 4 »st success in nearby neighborhoods where their reputations are 
known. Last year in New* York State more than a hundred such lectures 
and demonstrations were given that would have been impossible with our 
own force. 

Farm bureau managers who have had horticultural training can be 
of the greatest assistance in the carrying out of project work. In one day 
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last year I visited ten peach orchards with a county agent. At each 
orchard we arranged for thinning demonstrations. Later, in company 
with the agent, I gave two demonstrations and he gave the remaining 
eight. At each of these orchards the owners thinned fruit on practically 
the entire orchard, but left blocks of commeixdal size as checks. The agent 
arranged for cost accounts to be kept on thinned and unthinned blocks 
and also for records of yields and grades of fruit as harvested. 

In another county in company with the county agent, twenty-seven 
orchards w(^re visited in three days and plots selected for test demonstra¬ 
tions of cover crops. The county agent finished the work by seeing that 
the crops were actually sown at the proper time and the results checked at 
the end of the growing season. 

In other leading fruit counties a considerable amount of similar work 
has been conducted. The agent could not well do this work alone and it 
would have been out of tin? question for us to even attempt it without his 
co-operation. 

In summing up the fatdoi's which contribute to success of extension 
work in pomology we would emphasize the following: A cordial relation¬ 
ship and mutual understanding jniist exist within the department; a 
spirit of co-operation and clear understanding must established and 
maintained with organizations throughout the state; a clear-cut plan of 
work giving consideration to the various fruit-growing sections of the 
state and differentiating between the important and non-important prob¬ 
lems in each section ; a reserving of plenty of time for office work and for 
the careful preparation of all subjeet-matt^^r material; a careful timing 
of all project work and a utilizing of all agencies to increase the scope 
and usefulness of the work. 


THE ROLE or SOIL TEMPERATURE IN TREE GROWTH. 

By Joseph Oskamp, Purdue Experiment Station, Lafayette, Indiana. 

The temperature of the soil as a factor in tree growth is one of the 
phases of an orchard soil management investigation Iwing conducted by 
the horticultural department of Purdue University. As a long-time ex¬ 
periment, covering at least 15 years, it was thought highly desirable to 
know the temperatures obtaining in the soil under the different systems 
of management, and the relation of these temperatures to tree growth and 
certain factors of tree environment, 

I have been asked by the program committee to dwell particularly 
upon the methods employed in the study of soil temperature, so I will 
give something of the early difficulties which beset this phase of the in¬ 
vestigation. 

The best method to follow in securing the temperature of the soil 
was, of course, the first problem to present itself. Whatever method was 
employed it was essential that it should give a fairly definite knowledge 
of the soil temperature during each 24 hours and that it should be not 
too complicated or expensive, but yet accurate. 
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In the earliest work ordinary centigrade thermometers were used of 
the type common in chemical lal^ratories. These thermometers were.in-» 
serted in hollow glass cylinders (slightly shorter than the thermometers) 
with corks at each end through which the thermometers could be pro¬ 
jected. A hole was made in the soil by means of an auger and the glass 
cylinder placed therein. The thermometer was now pushed down through 
the corks so that the bulb directly penetrated the earth at the desired 
depth. The glass cylinder was supposed to insulate the thermometer and 
make it possible, by drawing the thermometer bulb up into the cylinder, 
to read the soil temperature before the thermometer was influenced by 
the temperature of the air. The readings were made three times daily. 

The above arrangement was open to many objections, the more im¬ 
portant of which were learned later, but at the time the greatest objection 
was the impossibility of reading the thermometer quick enough to get an 
accurate record. The difficulty was due to the condensation of moisture in 
the cylinder and on the thermometer, thus obstructing an immediate 
reading. 

Frankiel soil thermometers were then employed, which overcame 
this difficulty. These thermometers have a long stem so that the tempera¬ 
ture scale is above ground. The thermometers are encased in iron tubes 
about the size of ordinary water pipe, and have a soil auger on the end, 
thus providing for penetrating the soil. The lower end of the case imme¬ 
diately adjacent to the mercury bulb has numerous perforations. The 
soil which comes in contact with the thermometer bulb must, therefore, 
be such as has found its way through these perforations, as the instrument 
was bored into the soil. At the perforations this soil comes in contact 
with the exterior soil and this is the only direct connection between the 
thermometer bulb and the soil of which the temperature is required. 
There was a feeling that the sudden changes in temperature which were 
unavoidable in the exposed iron case above the ground, must be con¬ 
ducted below, and thereby affect the thin layer of soil surrounding the 
thermometer bulb. Such a feeling was cmifirmed by exposing the iron 
case of one Frankiel soil thermometer to the direct rays of the sun, 
while another setting beside it in the same soil was shaded. The one ex¬ 
posed to the sun developed a higher tmperature. 

The soil temperature records were so far considered a failure. Not 
only were the temperatures taken in this manner surrounded with many 
inaccuracies, but the true temperature range was not obtained at all. The 
use of any ordinary typt^ of thermometer for soil work which requires an 
observer to make the records is open to grave objections in an investiga¬ 
tion which has to do with the response of a plant to its environment. 
This was brought out by taking the temperature every hour during the 
day and night for several days. It was found that a great difference 
existed between the arbitrary readings and the actual minimum and maxi¬ 
mum temperatures which occurred. 

The really pertinent soil temperature relations from the standpoint 
of the tree are the actual maximum and minimum which occur daily. The 
average or mean temperature or even two or three daily readings for 
that matter, are of little concern in a study of this kind. For instance, 
one cultural system may show an actual minimum of thirty and a maxi- 
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mum of seventy, while another might show forty and sixty, respectively, 
and yet they would both have a mean of fifty. The critical condition 
for the tree is the extremes of temperature to which it is subjected. It 
is these extremes >^hich will limit the protoplasmic activity of the tree 
as well as those bioc'hemie activities going oti in the soil. The amelio¬ 
rating effect which might be the result of differences in soil management 
practices would also not be shown in its full significance unl(*ss the fluc¬ 
tuations of tin* day were known. 

It Ixiing firmly believed by this timt^ that self-recording iristruraents 
must he installed if trustworthy results were to be obtained, s>il thermo¬ 
graphs were purclirs<‘d. Upon installing these instruments it was not 
isiirprising* to find that the Prankiel soil thermometers, during hot sum¬ 
mer weather, rc^ached a maximum six hours too early and registered a 
temperature four degr(‘es too high. It was found further that during 
the season of greatest daily range, that is, during the summer mouths, 
the maximum t(‘inp<u*ature of th(‘ soil occurred about 10 W M. and the 
minimum temperatun* some 12 hour’s later. This was at a depth of iiiiu* 
indues. 

The soil thermographs used were of the patt(‘rn manufaetured by 
Julien P. Friez & Sons, Baltimore, Maryland. The instruments consist 
of a wafer disk tilled with ether or some other sensitive li(piid. This 
disk is connected on one end through a hollow wir(‘ to a th(*rmometer 
bulb ])lauted in tin* soil and on the other end by a system of levers to a 
})en. In a suitable ])osition for the pen to trace upon is a cylinder or 
drum, revolved by an eight-day elock. Forms on which are printed the 
time of day and the degrees of temperature^ are fastened about these 
drums and the pen traces the temperature thiTeon. continuously. The 
bulb udiicli is buried in the soil is a hollow cop])er tube* aknit one and 
one-fourth inches in diameter and some tiuj inches long. 

Thi‘ bulb of the thermograph was so planted in the soil that on 
mulched plots it was beuieath the mulch collar about a foot from its out(T 
edge, and on other ])lots an equivalent distance from the tree, this dis¬ 
tance ])eing about six feet. The bulbs were planted iiortlu*ast of the trees 
at a depth of nine inches. This exposure was preferred becaiis(‘ more 
uniform conditions could be obtained on all plots by such location. The 
depth was chfseu after a consideration of the depth of ])lowing, of the 
1 ioeliemieal a'tivities occurring in the soil, the de])tli of rooting of the 
trees. e1<' 

The thermometer bulbs were planted with as little disturbance of the 
soil as possible. A rectangular hole of sufficient size was dug and in one 
side of this excavation a gallery*was made just large enougli to receive 
the bulb. The bulb was therefore surrounded on three-fourths of its sur¬ 
face by soil which was undisturbed and of original compactness and 
physical condition. 

All instruments were carefully checked with a standard thermome¬ 
ter at the beginning and during the course of the experiment, and their 
behavior was quite satisfactory. The placing of new chart sheets on the 
drum each week was done with care and precision, so that each blank 
fit simply and in exactly the proper position. As the drum a^id pen 
arm are set correctly in their relative positions to ea(‘h other, it 
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can be readily imagined that a slight discrepancy in placing the chart 
sheets would make an error in the temperature records. 

The temperature data have been procured under field conditions such 
as exist in many Southern Indiana apple orchards. The location in ques¬ 
tion is in Southeastern Indiana on an upland soil, composed of a very 
high percentage of silt and clay. The records here considered were 
taken while the trees were yet in their pre-bearing or vegetative period. 
Various other details surrounding the general investigation of orchard 
soil management methods have been published in Purdue University 
Agricultural Experiment Station Bulletin No. 205. The temperature 
records cover a period of four years and include five plots. 

For the purpose of this paper the four major plots only will be con¬ 
sidered and as space is limited the maximum and minimum temperatures 
by weeks for a two-year period will be presented. The additional data 
substantiate what is here shown. The reason for reporting the maxi¬ 
mum and minimum temperatures instead of averages or means has al¬ 
ready been made plain. 

The systems of soil maiiageraent carried out on the four major plots 
are as follows: 

Plot A received clean cultivation during the greater part of the 
growing season witli a rye cover crop sown in late summer and turned 
under in the spring. The average d(‘pth of ifiowing has been seven 
im*h(‘s. 

Plot V is in grass, which is cut and allowed to lie where it falls, but 
a snpi)lementary mulch consisting of a bale of wheat straw was applied to 
each tree annually. Thes(^ bales averaged eighty pounds in weight and 
the straw was scattered well out beneath the spread of branches. 

Plot D is in grass, which was cut and allowed to lie where it fell, one 
to tlire(‘ cuttings being made each season. 

Plot ¥ is ill grass, which is mowed one to three times during the year 
and the grass raked up as a mulch collar about the trees. The amount of 
mulch obtained in this way from the grass was less than half the 
amount applied in the form of straw to the straw mulch plot. 

A study of the soil temperature records under these various treat¬ 
ments shows that clean cultivation with cover crop and straw mulch, 
holds the extreme temperature positions which have been induced by soil 
management practices. The clean culture cover crop plot has been the 
coldest one in winter and the warmest one in summer and has ^own the 
greatest daily range in temperature. The straw mulch has been the 
warmest one in winter and the coldest one in summer, and has exhibited 
a very gradual change from summer to winter, with an insignificant 
daily‘fluctuation. The grass plot where the grass is cut and mulched 
shows a temperature trend quite similar to straw mulch, although the 
effect is less pronounced than that of straw mulch because of the less 
amount of mulching material applied. The straight grass plot where 
the grass is cut and falls back upon the ground, gives a temperature con¬ 
dition more variable than grass mulch, but less extreme than tillage. In 
brief, the temperature range varies inversely with the amount of mulch 
material covering the soil. 



TABLE 1. 

WEEKLY EXTEEMES OF SOIL TEMPERATURE UNDER DIFFERENT 
SYSTEMS OF SOIL MANAGEMENT. 

1915 


MoDth 

Week 

Clean 
culture 
cover crop 

Straw mulch 
grass cut 
let lie 

Grass cut, 

1 let lie 

Grass cut 
piled 



de¬ 

grees 

F. 

in in. 

de¬ 

grees 

F. 

max.. 

de¬ 

grees 

1 

nun. 

de¬ 

grees 

F. 

max. 

de¬ 

grees 

F. 

min. 

de¬ 

grees 

max. 

de- 

1 grees 

1 

min. 

1 de- 
1 grees 

1 

max. 

January 

1 

:t 2 .o 


35.0 

37.0 

35.0 

37.0 

34.0 

36.0 

2 

:n.() 

:j2.o 

34.0 

.36.0 

32.5 

35.0 

34.0 

36.0 



;u.o 

32.0 

35.0 

36.0 

33.0 

34.0 

34.0 

35.5 


4 

;^2.o 

33.0 

35.0 

36.5 

33.5 

35.5 

35,0 

37.0 

























TABLE I. 

WEEKLY EKTBEMES OP SOIL TElidPEEATTJBE UNDER DIFFERENT 
SYSTEMS OF SOIL MANAGEMENT. 

1916 


Month {Week e 



1 Straw mulch | I 

grass cut | Grass cut, 

1 let lie 1 let lie 

Grass cut 
piled 

1 de- 

<le- de- de> 

i de- 

<le- 

1 grees 

grees grees grees 

grees 

grees 

1 F. 

F. F. F. 

P. 

F. 

mm. 

[ max. min, max. 

min. 

max. 

38.0 

41.0 35.0 41.0 

37.5 

42.0 

37.0 

40.0 34.0 39.0 

37.0 

41.0 

36.0 

35.0 

35.5 

41.0 , 34.0 40.0 

36.0 SaO 35.5 

44.5 32.0 43.0 

37.0 

41.5 

36.0 

45.0 34.0 43.0 

36.0 

44.0 

35.0 

36..5 32.0 35.0 

35.0 

38.0 

35.0 

35.5 32.0 34.5 

33.0 

36.0 

35.0 

36.5 32.0 34.0 

34.0 

36.5 

35.0 

r'36.0"“ 32.0 34."^“ 

34.0 

36.0 

35.0 

38.0 32.0 35.0 

34.0 

1 36.0 

35.0 

37,0 32.0 36.0 

34.0 

37.5 

35.0 

43.0 32.5 45.0 

34.0 

43.5 

41.0 

43.0 40.0 44.5 

41.0 

i '43.5 

39.5 

43.0 37.0 43.0 

39.5 

43.5 

40.0 

47.0 36.0 48.0 

38.5 

47.5 

46.0 

50.0 45.0 50.5 

45.0 

1 50.0 







































TABLE II. 

AIR TEMPERATURES FOR COMPARISON WITH SOIL TEMPERATURES 
TAKEN DURING SAME PERIOD. 


Month 

Week 

1 min. 1 max. | min. 

1 1915 1 1915 1 1916 

I degrees | degrees | degrees 

max. 

1916 

degrees 



F. 

f 

F. 

F. 

January . 

I 

20 

1 42.0 

22.0 

62.0 


»> 

13.0 

i 47.0 

12.0 

55.0 


1 •> 

19.5 

1 54.0 

—3.5 

68.0 


1 

--17.5 

I 3>6.5 

0.5 

66.5 


i 


1 

{ 32.5 

68.0 

Fobi'uarA' . 

1 1 

-13 0 

1 49.0 

2.5 

41.5 



17.0 

1 48.0 

—9.0 1 

56.0 


ti 

14 0 

i 63.0 

2.0 ’ 

55.0 


4 

16 5 

1 58.0 

10.5 

65.0 

Maivh . 

1 

1 16.0 

1 60.5 

5.0 

57.5 



20.0 

1 48.0 

14.5 

64.5 


*» 

18.0 

1 55.0 

s.o 1 

66.5 


4 

20.0 

1 47.0 

2].0 

72.5 


r> 

16.0 

1 51.0 



Ai)nl ... - 

, 1 

16.5 

i 56.0 

29.0 

68.0 


- i 

37 0 1 

1 79.0 1 

23.0 

1 60.0 


a j 

29.0 

74.0 

31.5 

77.5 


4 1 

49.0 1 

87.0 

33.5 

80.0 

May . 

1 

38.0 1 

86.0 

3S.0 

75.0 


1 

1 31.0 1 

i 78.5 

37.5 

84.0 


- 1 

[ 3<S.O 1 

1 80.5 

46 0 

87.0 


4 1 

32.0 1 

80.5 1 

;{().() 

71.5 


1 

43.0 

76.5 1 

52.0 

88.5 

June . 

1 1 

1 51.0 

81.0 1 

47.0 

79.0 


2 

1 40.0 

ss.o 

45.0 

78.0 


3 

48.0 

1 S3.0 

51.0 

1 82.0 


4 

j 43.0 

87.0 

45.0 

84.5 

July . 

f) 

1 

' 48.5 

87 0 

53.0 

90.0 


2 

46.0 

83.5 

51.0 

91.5 


**• 

61.5 

91.5 

63.5 

93,0 


4 

49.0 

88.0 

1 56.0 

95.0 


5 



63.0 

98.5 

August . 

1 1 

60.0 

92.0 

59.0 

94.5 


2 

53.5 

85.5 

45.0 

95.0 


3 

59.0 

82.0 

59.5 

94.5 

1 

4 

47.0 

87.0 

47.0 

94.5 


5 

47.5 

80.0 



September . 

1 

38.0 

81.5 

43.0 

86.0 


2 

61.0 

88.0 

49.0 

93.0 


3 

55.0 

89.0 

29.0 

86.5 


4 

K 

35.5 

81.0 

30.0 

76.5 

1 

October .^^ ^^^, J 

0 

1 

39.0 

79.0 

28.0 

87.5 


2 

23.0 

8L0 

33!o 

38’.0 


3 

38.0 

77.0 

27.0 

72.5 


4 

34.0 

76.5 

i 23.0 

67.0 


5 



27.5 

72.0 

November . 

1 

29.0 

76.0 

24.0 

74.0 


2 

25,5 

77.0 




3 

22.5 

71.0 

6.5 

60.5 


4 

20.0 

56.5 

16.0 

68.0 


5 

23.5 

68.0 



December... 

1 1 

17.0 

39.5 

18.0 

68.0 


2 

15.0 

45.0 

1 12.0 

63.0 


i 3 

6.0 

52.0 

5.0 

42.0 


1 ^ 

14.5 

47.0 

3.5 

33.0 


5 



7,0 

54.0 
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TABLE III. 

GROWTH RECORD OF TREES UNDER DIFFERENT SYSTEMS OF SOIL 

MANAGEMENT. 


Systems of management 


Average yearly 
gain in girth 
cm. 


Clean culture cover crop . 5.17 

Straw mulch gra^s cut, let lie. 5.19 

Grass cut, let lie . 

Grass cut, piled . ;i.62 


The extent to which cultural practices have influenced soil tempera¬ 
tures has not been great, about ten degrees in the maximum and some¬ 
what less in the minimum. The greatest variations between plots have oc- 
curn'd during tlit^ summer months and are comf)aratively small in late 
fall and winter. A heavy- mulch maintains the temperature of the soil a 
few degret^s wanner in winter and many degn^es cooler in summer than 
clean cultivation with cover crop. 

A comparison of the soil temperatures in Table I with the air tem¬ 
pera! nr(‘S in Table 11, taken during the same period, will be found inter¬ 
esting. An intimate relation between the temperature of the soil and that 
of the air is manifest, in fact, we must conclude that the temperature of 
the soil is larg(‘ly a reflection of tiic air temperature'. It has not been the 
pur))ose 1o especially' investigate the many complex factors influencing soil 
t(‘rn])(*rature, but rather to ascertain the ext(‘nt to which soil temperatures 
might he changed by cultural practices and tlu‘ eftVet of such change 
u})on the api)le tree. Emphasis is here given to the dependence of soil 
temperature upon air temperature for the reason that the principal fac¬ 
tor gov(‘rning soil temperature is one that has limited possibilities of being 
alt('r«'(l under fleld conditions by human intervention. 

In considering the growth records of the tree's appearipg in Table 
TTf it will be seen that in point of tree growtli there is little to choose be- 
twt*(‘n cultivation or a be'avy mulch. The grass mulch not being what it 
should have lH*eu is but little better than where the grass is cut and let 
lie where it falls. But between tillage* and a heavy mulch on the one 
hand and grass or grass mulch on the other, there is a striking difference 
in favor of tillage or a heavy mulch. 

The question now is—can the behavior of the trees be directly cor¬ 
related with the temperature of the soil? The answer is The two 

plots 'which have made the most substantial and practically parallel gains 
in tree growth exhibit the tw^o extreme types of soil temperature phe¬ 
nomena that have been here experienced. The tilled plot having the 
coldest soil in winter and the warmest soil in summer, with violent daily 
fluctuations, made an average gain in trunk girth of 5,17 centimeters, 
w’^hile straw mulch having practically the reverse of these conditions, that 
is, the warmest soil of an,y plot in winter and the coolest of any plot in 
summer, with very slight daily change, made a similar gain in tree 
growth. The grass mulch plot following a temperature trend mmilar to 
straw mulch made a yearly girth gain of only 3.62 centimeters. The plot 
where the grass was cut and allowed to lie made a girth gain of 3.43 cen¬ 
timeters, although it exhibited a temperature near to that of tilled land. 
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Soil temperature, therefore, seems to play a minor role in the growth 
of young apple trees, working neither directly for nor against vegetative 
activity. A cool soil temperature during the growing season of the trees 
has not been inimical to growth, neither has a slightly lower winter tem¬ 
perature on some plots. Sudden changi^s in soil temperature, as here ex¬ 
perienced, seem to have been followed by practically the same growth 
results as where a very uniform temperature was maintained. 

It may be suspected from the behavior of tlie trees under observa¬ 
tion that the tolerance of the apple tree for variations in soil temperature 
is great enough to make clianges induced by different systems of manage¬ 
ment of no dirc^ct significanc<‘. Variations in the range of those induced^ 
however, may in time have an indireel effect through their influence on 
nitrification or ammonifi(iation and other i)roe(‘sses conn(‘cted with the 
metabolism of soil micro-organisms. 

METHODS IN BREEDING PEACHES. 

By C. H. Connors, Espvrinunt Station, W Brunswick, N, J. 

For a lunnber of y(‘ars at the New Jersey Agricultural Experiment 
»Station, attempts had lieeii made to S(‘cure a numbtu* of peach stones by 
crossing known parents. The results were practically nil. The method 
first used was to tie bags made of i)aper of various weights over tht‘ blos¬ 
soms, but the high winds which prevail at the blooming time destroyed the 
bags in most cases. Where the bags were hd’t intact, it was found that the 
permitting of the bag to remain on the necess^iry hmgth of time resulted 
in the yellowing of the foliage and the failure of the fruit to (h*velop 
properly. In later work, sleeves made of mosquito netting were uscjd, 
but thes<* also proven! to have disadvantages. 

When the speaker took charge it w^as decided to establish the breed¬ 
ing work with peaches as a major project. After some consideration the 
method of protection follow^ed in some apf>le pollination studies was 
adopted and, accordingly, tents ivere (^onstmcted to cover tin* <nitire tree. 
These* tents w^^e made of 2 by 4 inch lumln^r for the upright and top 
cross pieces. Shingle lathes wen* nailed on the sides and top and the 
whole covered with cheew*cloth, leaving a door for entrance. Six of these 
were constructed the first year, five being large enough to cover trees that 
were eight years old, approximately 10 feet in each dimension. These 
proved to be very satisfactory. They offered absolute protection against 
the entrance of insects, and, in addition, proved to be, somewhat of a pro¬ 
tection against the weather for the man who was doing the work of polli¬ 
nation. The emasculating and |>ollinating could be done with great fa- 
eility. 

The primary part of the work was to study the inheritance of size of 
blossoms. Of course, peaches are not genetically pure, so that in part we 
are ‘‘going it blind;” but it is a well known fact that certain varieties 
give seedlings that relatively resemble the parents. It was also thought 
that the medium-sized blossoms might be hybrids. Since then we have 
learned that all three types of bloom, large, medium and small, are found 
growing wild in China. 
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The varities chosen for this particular phase were Greensboro, with 
large blossoms; Belle, with medium blossoms, and Elberta and Early 
Crawford, with small blossoms. Just before the blossoms opened each tree 
that was covered was divided as nearly as possible into four equal parts, 
this dependi:^ upon the scaffold branches. Three parts were emascula¬ 
ted to be pollinated with each of the three other varieties, while the fourth 
part was left to l>e self-pollinated. The emasculation was performed by 
means of curved tweezers. At the proper stage, a cut could be made in 
the side of the corolla below the point of attachment of the stamens, and 
then by a lifting movement, the corolla and stamens could be torn from 
the bud. If the buds were immature it was sometimes necessary to use a 
pair of curved scissors and then tweezers to remove the stamens. 

Pollen was taken in small test tubes from the other trees and applied 
with the finger or a camel ^s hair brush to the stigmas. In some cases 
blossoms were removed and the pollen applied directly from the anthers. 
It was found that fruit set quite as readily on the blossoms left for self- 
pollination as on the hand-fertilized pistils. 

After the fruits had set, the shelters were removed to permit of more 
convenient cultivation and spraying. The fruits were allowed to mature 
to almost the point of dropping, when they were removed and the stones 
taken and dried. These were placed in sand for stratification, and in the 
spring were opened and planted in nursery rows. It was found that the 
seeds of the early clingstone varieties would not mature. Early freestones 
or semi-dings such as Carman and St. John, will give a small percentage 
from stone to tree, about 10 per cent on the average, while later free¬ 
stones will give up to 50 per cent. 

The following spring the seedlings were dug and planted in orchard 
form. The trees from the first year s work were interplanted in a young 
apple orchard, 10 by 10 feet, and the later planting was made 10 
by 12 feet. These distances will allow sufficient space for the develop¬ 
ment of the trc^e to fruitage age. 

A total of 403 trees descended from known parents was planted in 
the spring of 1916. Some of these will blossom in the spring of 1918. In 
1917, 1,073 seedlings from known parents were planted. In addition to 
the above, there were planted also 248 seedlings from open pollinated 
blossoms. 

A method has yet to be devised to secure the Fi generation, but this 
vnW probably be accomplished in much the same way as the foregoing. 


EELATION OF SOIL COMPOSITION TO FERTILIZER RESPONSE IN 

PENNSYLVANIA. 


By J. P. Stewart, Pennsylvania State College^ State College, Pa. 

(This address will form the basis of a bulletin to be published in the 
near future by the Pennsylvania Experiment Station.) 
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EXPERIMENTS IN HORTICULTURAL TEACHING. 

By W. L. Howard, University Farm School, Davis, California. 

The experiments in horticultural teaching which tlie University of 
California has tried out or is planning to try out, are four or five in 
number. The first of these is the summer traveling course in pomology. 
All university students specializing in pomology are required to take this 
course between the sophomore and senior yt^ars. The class sptuids six 
weeks traveling over the state, visiting and studying the different fruit 
districts and fruit industries. One of the regular instructors accompanies 
the class or rather then* is one instructor for every ten students. By fac¬ 
ulty ruling these instructors must now Ih‘ of professional rank. For¬ 
merly the party trav(‘led by train, but latterly by auto and auto-truck. 
The distance covered has averaged about 1,000 miles. (Complete arrange¬ 
ments are made in advance as to hotel accommo<iations and jdaces to be 
visited. The owner or manager of the orchard or industry visited shows 
the party around and the students are encouraged to ask questions. They 
are supposed to write uj) their notes every night and are required to hand 
in weekly reports. The expenses of the teachers are defrayed l)y the Di¬ 
vision of Pomology. Each student pays his own expenses. On the 
average thes(‘ amount to about $125 for the tri]). 

The advantages of this course an* that the uum gain quite a lot of 
first-hand information about the (Uitire fruit business from nursf‘ry to 
marketing agtmcies. Tin? disadvantages an* that the men—particularly 
those between the sophomore and junior years, ask(‘d too many amateurish 
questions which sometimes left a bad impression, as it has seemed impos¬ 
sible to make our hosts undei’stand that the men do not claim to be any¬ 
thing but '^tenderfeet^^ in the fruit line. Another objection is that the 
students stie only the brighter side of the fruit business, as it is but nat¬ 
ural that the better orchards only arc* visited. Furthermore, it is obvious 
that free discussion and frank criticism could not be indulgt*d in while 
looking over a property. And, finally, too many fruit growers—t*ven suc¬ 
cessful ones, are inclined to ride some* hobby, thus giving to inex])(Tienced 
men many false ideas. 

While* serving a useful imrpose, the course is not an unqualified suc¬ 
cess and we would lik(? to see it changed consid(*rably. Briefly, we hope to 
devise some plan whereby the stud(*nts will actually Avork for a few days 
at least, here and there in an orchard or packing house. Our ultimate 
idea is to have orchards enough of our own to furnish them work for a 
few or several weeks in the summer. 

Another part of the university instruction that is out of the ordi¬ 
nary is that the pomology students in their junior or senior year are re¬ 
quired to spend one full semester, January to May, inclusive, working in 
the university farm orchards. There are no lectures aside from necessary 
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instructians that have to be given previous to starting to work. The peiv 
iods are four and one-half hours long. The work covers everything that 
can be done during the winter and spring. In the main, January is spent 
in pruning, February in spraying and planting, March in pollinating and 
fruit thinning, and April and May in fruit thinning, studying cover 
crops, cultivating and miscellaneous work. 

The second experiment is in the farm school, where we are trying out 
the plan of giving a maximum of instruction in the held and a minimum 
in the class room. No formal lectures are scheduled, the talking being 
done either in the field while the work is going on or on rainy days in¬ 
side. The periods are four hours long. We aim never to have more than 
t(ui men in a section. This enables us to give the students close super¬ 
vision. Since pruning is the most important single cultural operation, we 
naturally give more time and attention to that than to anything else. 
This has made the problem of finding enough work to keep the men busy 
all of the time a rather serious one, but we have solved it by providing an 
automobile and a light delivery truck which enable us to transport the 
classes rapidly to nearby private orchards. With a small class we can 
guarantee the own(U‘s that we will not harm their trees. If the sections 
w<u*e larg(‘, this would be out of the (piestion. 

We are now planning to extend this idea by offering electives in the 
study of single fruits. Ilere 1 must digress a moment to explain that 
California is a land of specialists in farming lines. The general farm 
such as is known in the East and Middle West is here very rare indeed. 
As a consequence many of our studcmts are interested in only a single 
fruit. Under our new plan if a man, after having tlie general course, do- 
sir(‘s to s]H‘eiaIi/.e on ])ears. for example, wt* will accoinmodate him pro¬ 
viding four to ten ukui want the same work. By arranging for all-day 
]au*iods we will lx* ablt* to visit orchards twenty to fony miles away and- 
gtd in eonsiderabh^ work. Our system of concrete, asphalt-covered high¬ 
ways enables us to travel every day iji the year and only rain can keep ns 
from work, as the winters are not cold. th(‘ temperature rarely going more 
than fiv(‘ or six degrees b(dow the freezing point, and then only at night. 

Otlier electives will be offer(Ml under the general title of “orchard 
probhuus.” Through the farm advisers, county horticultural commis¬ 
sioners and in other ways the fruit growers will he invited to notify us if 
they hav(^ any tree troubles tliat ne(‘d investigating. The students will be 
tak<‘ii to such i)laces and their task will be to find out what is the matter 
and apply the remedy, if there is one. Of course, the teachers would be 
expected to exercise judgment and not steer an inexperienced bunch of 
men up against some impossible probl<uu right at the beginning. Hand in 
hand with the field operations, of course, would go a requisite amount of 
library work. A With pr<‘liminary testing of the plan described has 
shown that the growers will welcome this kind of service on the part of 
their state institution. Within a radius of 30 or 40 miles we will have 
available as laboratory material three famous fruit regions—two of them 
very old ones, viz,, the Winters district, Vacaville and the Sierra foothills. 

The ^al experiment we are seeking to put into operation this sum¬ 
mer after the close of the regular session of the farm school is to enroll a 
few selected men for special instruction. Under this plan we will, for 
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example, rign up two to four men during July for an intensive study of 
the handling of an apricot crop. The men will work in the orchard nine 
hours a day under a regular instructor, or at times under the orchard 
foreman, in picking, packing and actually marketing the fresh fruit, and 
also do everything in connection with the drying of apricots. If a man 
shows proficiency he may possibly be made a straw boss and given charge 
of a squad of boys or girls engaged in cutting the fruit or of other hands 
who may be attending to the sulphuring or some other operation. 

The students will be given school credit for this work, if satisfac¬ 
torily done, at the rate of one unit for every thirty-two hours put in and 
in addition be paid a nominal wage on a sliding scale ranging perhaps 
from 15 cents per hour for the first week to 30 cents for the fourth week. 

During the month of August we could offer similar instruction in 
handling peaches and in September prunes and almonds. At the proper 
season one or more men could be given a week's wwk in tree budding and 
instruction in many other lines could be offered from time to time. While 
this plan would be a material help in solving our labor problem in the 
handling of our rather large crops of fruit, we would wmnt this fact to be 
decidedly a secondary consideration. And the same would hold true as 
regards the wages (darned by the students, as we would want them to feel 
that the money they take in is far less important than the instniction 
received and the practical knowdedge gained. 


REPORT OF COMMITTEE ON UKDERGRADUATE WORK. 

By B. S. Pickett, University of Illinois, Vrhana, III, 

Your Committee on Undergraduate Courses notes with satisfaction 
the large number of papers offered on this year's program on subjects 
bearing on horticultural instniction, as such a considerable amount of at¬ 
tention to this phase of the work of the society indicates a highly laud¬ 
able interest in efficient horticultural teaching. 

Your committee conceives that among its functions are that of defin¬ 
ing the trend of progress in its field, and of offering suggestive material 
for the consideration of the members of the Society. 

In tracing the progress of horticultural instruction, it should first be 
said that there seems to be an ever more and more earnest endeavor to im¬ 
prove the pedagogy of horticultural instniction. This result obtains 
through more exact and comprehensive outlining of courses, through im¬ 
provements in texts, through added equipment (cumulative to a consider¬ 
able extent in well organized departments of horticulture), and espe¬ 
cially to the development of laboratory methods of teaching. The laud 
able work of earlier committees of this Society, published in earlier vol¬ 
umes, has been of great assistance in the outlining of courses. Friendly 
rivalry among the instructors, with free exchanges of ideas, has been 
another potent factor in improving the pedagogy of our subject. 

In connection with the presentation of horticultural courses I would 
call attention to a point frequently discussed in educational circles which 
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bears immediately upon efficiency in our field of instruction, namely; 
the relative value of equipment and instructor. Researches made by 
authorities in education seem to show that, relatively, equipment is a 
small factor, usually estimated at 15 per cent. This calculation,how¬ 
ever, is based on a wide variety of subjects, including mathematics, Eng¬ 
lish, and history and is an averagre of many conditions It cannot, there¬ 
fore, be expected to apply exactly to a specialized subject such as horti¬ 
culture, wdiere plants and their manipulation form an extremely import¬ 
ant part of the subject material worked with. Moreover, what is true 
in tlie average has little bearing upon individual eases. There is no 
question that the instructor is much the largest factor in successful 
teaching, but the 8uc(*essful instructor may have his own efficiency in¬ 
definitely increased by furnishing him with the equipment necessary to 
present his subject clearly, fully, and forcibly. This leads logically to 
the conclusion that the horticultural instructor must exercise ingenuity 
to perfect apparatus and equipment especially adapted to the presenta¬ 
tion of his subject, even as the physicist and cliemist have done in their 
fields. 

It is especially in the laboratory that progress lias been marked in 
horticultural instruction in recent years. The recognition of the field 
laboratory in horticulture on a par with indoor laboratories in other sub¬ 
jects had had much to do with the advances in this direction. The need 
to acquaint city students with plant mat(*rials, tlie demand from or- 
chardists for foremen witli experience in fruit growing, and last but 
greatest, the pedagogical correctness of field laboratory teaching, have 
placed us a long step forward iu the development of courses in horticul¬ 
ture in many agricultural colleges. 

Field laboratory work in liorti<udture pr(»s(‘uts certain difficulties 
wliich the instructor is often loath to cope with. First, it requires room; 
second, it requires rea.sonable proximity to classrooms, in.door labora¬ 
tories, and offices; thini, it re<juires <*OTisiderahle financial support for 
the pundiase of materials, for the preparation of land, and for the 
care of plants located in tin* field laboratories; fourtii, and most precious 
of all, it requires large sliares of the instructors’ time. Many laboratory 
exercises require a day or more in imme<liate pr(‘paration. Land may 
need to be plowed and cultivated, plants may need to be ordered and 
the order anticipated far in advance of the time of the laboratory exer¬ 
cise itself. Cultivating tools, planting tools, pruning saws, grafting 
tools, ingredients for grafting wax, scion material, stocks, packing and 
grading machinery, and scores of other details of preparation and ap¬ 
paratus must be arranged for and coordinated so as to make the exercise 
not merely possible, but a complete and enthusiastic success. Failure in 
small details destroys the students’ confidence, and renders the exercise 
worthless. Complete command of details can only be obtained where 
the instructor spends an amount of time in preparation far beyond that 
required in most indoor laboratory work. The satisfaction, however, 
which results from a well presented and conducted piece of field labora¬ 
tory work is a rich compensation to the enthusiastic teacher of this sub¬ 
ject But, again it must be repeated that it is to be attained only by 
the expenditure of that most precious of commodities, time. 
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Your committee notes and deplores the lack of instruction on the 
plant materials of horticulture. Specialization in one of the main 
branches of the subject has narrowed the field of knowledge of horticul¬ 
tural plants too greatly. It seems to your committee that a pomolo- 
gist, or an olericulturist should have a broad acquaintance with orna¬ 
mental plants, with some knowledge of their culture and habits, and 
that this knowledge should extend at least a reasonable distance into the 
field of systematic botany. Though a course, which to some extent pro¬ 
vides for this lack, has been offered at the University of Illinois, to the 
speaker’s knowledge for a period of tw^elve years, no student has ever 
elected it. The attention of the Society is called to this matter because 
it is connected immediately with the spirit of horticulture. 

One other matter should be referred to in this report, namely, the 
effect of the war on horticultural instruction. On the immediate facts 
the committee can add little to the inrormation already in the hands of 
the instructors in all of our agricultural colleges. These fa(*ts are the 
lessened attendance and the reductions in the instructional staff as a 
result of drafts and other causes immediately conne(*tcd w’ith the w’ar 
conditions. This Society, however, will b(‘ mu('h more concerned and 
interested in the effect which it is to play on the ultimate development 
of horticulture, for with decreasing attendaiu'c of students two things 
are likely to occur, economies in teaching, whi(ii means reductions in 
teaching staff, and a laxness in tin* presentation of the subject which is 
likely to come when classes are small and where meiUs thoughts and 
hearts are distracted by the outcome of the w’^ar. Economy by state 
legislatures in supporting departments of hoiiiculture may well result 
in the drawing in of lines, and a slowing u]) of (*ft’orts in the direction 
of progress in horticultural instruction. 

The British soldifu* lias given us tw^o signifi(*arit phrases in connec¬ 
tion Avith the w^ar, the first, ^Mo his bit,’^ and the second, ‘‘carry on.’’ 
This is clearly the time wiien instructors in horticailture should do their 
bit to maintain and further advanee the presentation of their subject. 
The phrase '‘doing one’s bit” has been criticised as being too narrow^ 
And efforts have been made to substitute for it in this eountr>^ “doing 
one’s best,” or “not only our bit but our best.’’ The phrase usually 
loses its significance when interpreted in this manner, for few, perhaps 
none, of us ever realize our best, while all of us may do our bit. An 
instructor who modestly refers to his efforts as doing hisf bit has prob¬ 
ably ac(!omplished more than he who more or less bombastically declares 
he has done his best. 

And the phrase “carry on” is even more significant, for it is the 
cheery call to advance in the face of difficulty, a modest deprecatory 
phrase which carries with it a world of sincerity and determination. 
Through the period of the war the horticultural instructor must carry 
on hopefully and with sincere determination the task of improving his 
presentation of his subject and the effectiveness of his teaching. 
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methods op providino praotioal work in horticultural 

COURSES. 

By S. W. Fletcher, Pem^sylvania tiiate CoUvg(, Hfaie College, Pa. 


Twenty five years ago when 1 was an undergraduate at one of the 
leading Eastern agricultural colleges, no practice whatever was given 
in most of the courses in horticulture. The professor lectured us faith¬ 
fully and occasionally took us out for a stroll in the orchard and garden. 
Were it not for the very fortunate circumstance that I was obliged to 
earn my way through college and to this end secured work in the Horti¬ 
cultural Department, I fear I should have graduated without ever hav¬ 
ing used a garden line or budding knife. Happily, there has been con¬ 
siderable progress since then, but more emphasis still should be placed 
upon this practical work in college courses. We do not wish, however, 
to turn our agricultural colleges into trade schools. The time may come 
wlieii most of this practice w'ill be secured in secondary agricultural 
s('hools, but at present when a majority of our graduates enter the 
commendal field it is necessary to combine the art with the science in 
college instruction. Agricultural eo]leg(*8 now graduate men in horti- 
cultur(‘ who have never had any training in the art except that secured 
in a few brief practicums. Tliese men ar(‘ likely to bring discredit upon 
the department among its chief constituent—the practi(»al fruitgrowers, 
gardeners and florists of the state. 

By real practice, 1 mean not a seri(‘s of two-houi‘ practicums in 
which the student is merely introduced to the subject, nor trips to 
observe tlie methods of cornmertdal growers, liowever desirable these 
may be; but a considerable period—a full year if possible-^pent in 
doing the work of the oreliard, garden or greenhouse. A large and 
increasing proportion of horticulture students come from cities and 
towns. It is not quite fair to accept these students, carry them through 
four years of lecture work with brief practicnxms interspersed, and then 
penalize them at graduation, wiien they seek positions because they have 
had no practuie. The college should either give it or see that the student 
gets it. 

The choice of the method of giving students instruction in horti¬ 
culture is determined mainly by the location of the coUege and its 
equipment. In most colleges the sole means is the practicum. These 
are useful, but the time alloted, usually but two hours a week, is hope¬ 
lessly inadequate for real practice. At the Pennsylvania State College, 
the practicum periods in pruning, spraying, harvesting and packing 
fruit, have been extended to four hours each. This is proving to be a 
distinct advantage. Some colleges are so fortunate as to be located 
close to large private commercial operations in horticulture. The field 
practicum or inspection trip then becomes practical. 

Both college practicum and inspection trip will continue to be used, 
especially in the elementary courses, but they do not go far enough. 
They are necessarily intermittent and fragmentary. They do not give 
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the Student an insight into the problem of the commercial grower as a 
whole. They do not fairly represent the yearly cycle of work and re¬ 
sponsibility that he must meet. A period of practice covering, if possi¬ 
ble, at least one full year is necessary. Some institutions require the 
student to have had a year of farm life before entering college. Others 
require him to secure this experience during his course, either by sum¬ 
mer work in a commercial establisliment of his own selection, or on ac¬ 
credited farms chosen by the college. These methods fail fully as often 
as they succeed. The student rarely sees anything but the drudgery of 
the farm, and often loses interest. The placing of students on accredited 
farms is desirable only when the employer is distinctly successful in his 
work, and is the type of man who will take a personal interest in the 
student. 

For some years the Pennsylvania State College has required all 
students in horticulture to take “Hort. 17, Summer Practicuin.'^ As 
originally conceived, this was to comprise “six weeks of survey w^ork in 
commercial truck gardens, florists’ establishments, orchards, nurseries 
and small fruit plantations,'’ and counted six credits tow’ard graduation. 
In praetic(^ this has become merely an inspection trip, dwindling grad¬ 
ually from six weeks to three*. The college is quite remote from eorn- 
mereial orchards, gardens, and greenhouses. For this reason it has 
been decided to develop commercial operations at the (college for pur¬ 
poses of iustruetion, A commereial orebard of thirty aeres, with oppor¬ 
tunity for expansion, has lieen planted two mih*s from the college. As 
funds will permit, this wdll be provided with packing shed, spray shed, 
common o^orage, superintendent’s house and other equipment essential 
to a commereial ])lant. It wdll be handled oji a commercial basis and 
used for giving stndents instruction in commercial operations. Ulti¬ 
mately, it is planned to ])t*ovide bousing acc^ommodations for a limited 
number of studemts. The present summer practiemm then will be ex¬ 
tended so as to require all stndents specializing in pomology to s])end one 
full growing season on this farm, where he wdll perform all the ondmrd 
operations under the direction of the superintendent. This wdll not be 
run as a “Model orchard” but as a laboratory in commercial fruit grow¬ 
ing. Similar provision will Ik* made* for the work in (*ommercial vege¬ 
table gardening. We recognize fully the difficulties incident to the suc¬ 
cessful op(*ration of such a plan, but believe it is the most feasible plan 
for an institution that is remote from private commereial operations. It 
might not be necessary or practicable in an institution located with easy 
access to commercial plants, as at the Ohio State (College and Rutgers 
College. Whatever the methqd adopteti, the aim should be to provide 
the student in horticulture with facilities for practical work at least 
equal to those now provided for the student in dairying. The lack of 
such facilities in the past has constantly worked to the disadvantages of 
the courses in horticulture. 
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COURSES IK POMOLOGY AT CORNELL UNIVERSITY. 

By W. H. Chandler, Cornell University, Ithaca, N, T. 

The purpose of this paper is not to advertise the courses in pomology 
at Cornell University, but to make use of that list of courses in a dis¬ 
cussion of views concerning education in pomology. In fact, while the 
arrangement of courses to be described seems to us wise, it is very 
doubtful if for any other group of teachers, or under any other set of 
conditions this would be the best arrangement of courses. Briefly, the 
conditions under which we work are as follows: We are under the elec¬ 
tive system, there being no required courses in applied subjects. Before 
the beginning of their senior year, all men must satisfy a Farm Practice 
requirement so exacting that men reared on farms have been required to 
get additional farm experience. Freshmen who have not yet met this 
requirement generally begin working on a farm during the summer after 
their fii^st year. This farm practice requirement is a prerequisite to 
our first course. A very large percentage of the farms in New York have 
orchards on them. Nearly all of our students, then, will have had 
orchard experience before taking our beginning course. 

The beginning course is a general one giving three hours’ credit, 
one of which is for laboratory work. It covers the entire field of tem¬ 
perate zone fruit growing. It seems better thus to cover the whole sub¬ 
ject of pomology in one course, both because we think it better for 
students specializing with us to begin with a general view of the sub¬ 
ject and advance by going more minutely into its problems, and because 
such a course is well adapted to the needs of students who are not spe¬ 
cializing in pomology. It has been found possible rather fully .to cover 
the subject in a two hour lecture course because of our method of assign¬ 
ing readings on each subject and giving a ten minute examination in 
advance of its being considered in the lecture. The teacher then may 
spend hift time considering problems rather than details. We also save 
time by leaving some details for discussion in the laboratory where 
they will be more easily grasped in connection witli the actual experience. 

Our next course is in Varieties and Judging, a one hour laboratory 
course. 

The next is a course in Fruit Packing. This course is given by the 
extension professor who is expected to give only one term a year to 
extension work in the field. It is, of course, expected that the students 
will acquire skill in the different methods of packing of most fruits, and 
also a critical knowledge as to the value of the different packages in 
marketing as for apples, barrels, Imxes, cartons, etc. It is hoped that 
these trained packers going back into the state will be of much assist¬ 
ance to the extension professor in his effort to encourage communities 
to adopt the central packing shed. 

The next is a two hour course in Systematic Pomology, While 
more stress is given to species that can be grown in our plantings, the 
course considers all fruit bearing species concerning which anything 
interesting can be learned. Except what can be learned by actual 
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touch with the plants little attention is given to taxonomic descriptions. 
More attention is given to the physiological characteristics that deter¬ 
mine cultural practices. It is thus rather more of a course in fruit crop 
ecology than one in taxonomy. In most of those fruits that are not 
available in a growing condition for study an effort is made to have the 
student get his infonnation from the writings of men who have had 
actual experience with them, the teacher assisting the student in inter¬ 
preting the literature. 

The next course is a trip through orchard sections conducted just 
before the beginning of the fall term. It is hoped that the student^s 
view will be much hroad(*ned by seeing the different methods practiced 
by etpially su(H?essful growers. ll<‘ shouhl thus be in a position more 
intt^lligenily to (‘valuate both the opinions of growers and the results of 
r(‘search. 

The next is a two hour (‘oursci called Experimental Poiuology and 
is a study of the evidence concerning orchard practices. Naturally, 
experimental results that liave not yet become of value in practice are 
studied as to their possible (contribution toward solving orchard prob- 
hnns. Very little h‘cturing is done. The student is required to read 
the important literature and the hour is spent by thb students and 
teacher in an elfort to interpret or evaluate that literature. No student 
is admitted to the (‘ourse who has not had training in botany, including 
plant physiology, and in cluMiiistry. 

An advanced laboratory <‘oiirse is offered in which it is hojunl that 
those num specializing with us who expect to betiome teachers, etc., will 
acquire som<^ skill in practical orchard and nursery w’ork. 

A few students are admitted to another (*ourse called Research 
(which of course it is not) in which they are permitted to work individ¬ 
ually in the library getting minute acquaintaiu^e with tin* lit(‘ratur(j 
coneerning certain crops in which they may be especially interested. 

L’lidergradiiah'S may attend our stMiiinar. but (,*an reccuve no credit 
because we have found that a setninar whi(di includes a number of 
undergraduates working for (Tedit is very uninteresting. 

1 wish again to emphasize the fact that 1 do not consider this an 
ideal arrangement of (M)urs(\ I wish, however, to discuss these (toiirses 
with reference to uhat we omit, what we include, and what we try to 
accomplish. 

We omit courses in sp(‘ciai crops such as small fruits, he('ause all 
fruit crops seem to have so miudi in common, that there must he much 
repetition if such seperate (‘oures are given. I)is(*ussion of the various 
practices as the exact manual details of thiniiiag fruit, is omitted 
except as it can be given in the field laboratories. I have' known as 
much’ as three lectures to be given to a class of nearly three hundred 
students on the deails of thinning. Of course, it is evident that very few 
of these men would be any safer to send into an ordchard to thin fruit 
from havilig been entertained in this w’ay, any more than a mule wmuld 
be increased in value by having heard a lecture on the art of working 
in harness. It is our view that only such routine details of orchard 
practice should be discussed as are necessary to an understanding of 
any problems involved. Jn other words, lecture courses in a college 
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should deal with that concerning which a power must give serious 
thought rather than with description of routine, manual details, which 
he performs almost subconsciously. 

We include every hour of laboratory work that is possible with our 
equipment. During the past three years the number of hours of labor¬ 
atory work offered has been doubled, while the number of lecture hours 
has been reduced one-half. As previously stated, we include as much as 
possible of experience in evaluating practical and experimental evid¬ 
ence. All of the final lecture course is devoted to that. We do not 
consider, however, that the student specializing in pomology secures 
any large part of his training in that department. He is required to 
secure a considerable amount of training in botany and chemistry, and 
also to take courses in soils, plant pathology and entomology besides, of 
course, other elective and the required courses in the college. 

What >ve hope to accomplish, then, is not to turn out skilled orchard 
laborers, an impossibility for an agricultural college, but to send out 
thinkers w^ho will be able to meet the ntwv problems that arise with 
every season, w^eighing critically and intelligently all experiences and 
opinions and sometimes, at least, arriving at the truth. Perhaps it is 
from want of modesty, but w^e hope that this critical weighing of 
opinion and the results of experience in pomology together with the 
habits of a(n‘uraty acquired through his training in the laboratories of 
the fundamental .seienees, may enhale him at least sliglitly more often to 
arrive at the truth in other affairs of life. When the student does not 
pursut' any sul)je(*t far enough to a('quire critical knowdedge (and he 
is often prevented from doing so by the courses not being planned for 
siK'h a purpose) he would seem to be ahvays too much dependent in 
his view’s upon so-(*alle(l authorities. A man may hecoim* known as 
an authority be(‘ause he has been so siicM^essful in his pursuit of knowd- 
edge that the usefulness of his lindings makes him prominent. Even 
that would not make all of his vi(*w’s worthy of acceptance wdthout 
w’eighing, but he may also become known as an authority because of his 
personality or of his ability to dramatize his acts or sayings or because 
like Mark xVnthony, “he only, speaks right on.'’ When a man has 
acqiiir(»d, by practi(‘ai and by diligent and cidtieal study of the results 
of experience recorded in tiie literature, tin* ability to evaluate wdth 
some ae(‘uracy the opinions of men in one line, it would seem that he 
would find such training of some help with other problems concerning 
which he wdll have to make decisions. 

Thorndyke says, ‘‘The advisable course in estimating beforehand 
the disciplinary effect of any study, occupation or the like, would seem 
to be to list as accurately as possible the particular situation—response 
conreetions made therein, # * • what connections it forms that 

carry vital maxims, notions of method, ideals of accuracy, persistence, 
verification, openmindedness and the like.” The problems in pomology 
require for their solution exceptional patience, accuracy, and the ability 
to mak(» use of a range of critical knowledge. C(‘rtainly the problems 
of life are of this kind. It would seem then that courses in pomolofiry 
together wdth the prerequisite courses in fundamental sciences may be 
so arranged as to give the student training that will assist him in meet¬ 
ing not alone his problems in fruit growing, but other problems of life 
also. 



138 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE. 


POMOLOGICAL TIISLD LABOEATOEIES. 

By E. W. Bailey, University of Illinois^ Urhana, 111, 

The value and iraportanc^e of laboratory instruction in horticultural 
courses have been emphasized time and again before this Society in 
papers and discussions on teaching methods. I doubt whether there is 
any subject that lends itself better to the laboratory method than that 
phase of horticulture called pomology. By laboratory instruction in 
pomology, we might mean demonstration in which the instructor goes 
through an operation such as the pruning of an apple tree before his 
class, tiying to point out the art and the fundamentals that underlie the 
operation; or it might consist of an exercise conducted within the class, 
greenhouse, or laboratory room, where each student actually practices 
the aj*t as well as attempts to understand the fundamental principles 
that underlie the operation involved; or laboratory instruction in pom¬ 
ology more often (and rightly so, I think) consists in the practice being 
done in the field, the orchard laboratory, by the student carrying for¬ 
ward, largely on his own initiative, the operation concerning which he 
previously had been instructed in the lecture room. Right at this 
point, 1 might say that I am not so sure from my experience, whether 
it is better to lecture before, or after a laboratory exercise on the subject 
matter taken up in the field laboratory. I am inclined to think this 
varies with different topics and in some cases the lecturing, if necessary, 
can be done at the time the laboratory work in being carried on. All 
of these methods, with other modifications, might be used satisfactorily 
in the laboratory teaching of pomology, but it has been my experience 
that by far the greater number of the facts, as well as the art, can 
be most efficiently taught by actual first-hand contact with the tools, 
materials, and problems of commercial production in the field labor¬ 
atory. Laboratory work of this nature is always concrete, and, since 
the students* sense of values comes largely from commercial sources, 
field practice is best adapted to the development of traits required for 
a successful vocational career. However, I am mindful of the difficulties 
of the increasing number of students, distance of field laboratories from 
the lecture room, complicated curricular demands upon students* time, 
as well as lack of suitable facilities for the development of the right 
sort of pomological field laboratories, but, it seems to me, that these 
difficulties must be overcome; as it is of primary importance that field 
laboratory instruction be carried on in pomology, if we would eflSciently 
develop successful pomologists either in the practical or professional 
field. At the University of Illinois, over 50 per cent of our agricul¬ 
tural students come from Chicago and other large cities, and it seems 
to me that if we intend to find the future pomologists of a group like 
this, knowledge of pomological materials, as well as the facts of pomoU 
ogy, can best be successfully taught by means of well developed field 
laboratories. If our democratic education in our state institutions is 
really to do justice to the individual to make for the highest efficiency 
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of society, pomologicai education must attend carefully to the laboratory 
method as a means of '‘putting the round pegs in the round holes and 
the squares pegs in the square holes 

Kealizing the values to be dervied from such laboratory method 
and being situated distant from most of our large commercial fruit 
growing areas, the Department of Horticulture at the University of Illi¬ 
nois, with the purchase of a large tract of land in 1911, has been working 
out a system of field laboratories that would, in some measure at least, 
successfully take care of our instructional work in field practice. I have 
had the good fortune to be associated in the development of the labor¬ 
atories for Systematic Pomology, and I would like to bring to your atten¬ 
tion some of the things 1 have attempted to work out in coimection 
with a plan for a field laboratory for advanced pomologicai students. 

This laboratory contemplates a series of annual deciduous tree 
fruit plantings for a period of years, each successive planting being a 
duplication of the previous year’s planting in the closest possible de¬ 
tail. By the co-operation of one of our best nurserymen, together with 
detailed records, duplication of the same grades of nurserj^ stock should 
be triade possible year after year. Each annual series of trees so planted 
will be divided into plots and each of these plots will in turn represent 
a test, or experiment attempting to illustrate and demonstrate some 
know^n fact, or facts, pertaining to the science of pomology, or the prac¬ 
tice of this art. These plantings are made by the students as part of 
th(‘ir regular laboratory work in connection with their advanced under¬ 
graduate courses in pomology and each succeeding class will have the 
previous plantings as materials from wdiich it can make comparisons and 
draw conclusions. 

Many of these plots are designed especially as student “projects,” 
or “problem questions” for the specific purpose of allowing each student 
to work out the facts and practices regarding some detailed pomologicai 
question. These “proje<‘.ts” would be assigned in connection with th^ 
development of the entire annual laboratory planting, as far as possible, 
according to the aptitude of the students, in such a manner that each 
student might work out largely by bis own initiative outside the regular 
class work (just so it didn’t interfere with the general development of 
the field laboratory), at least one specific “j)roject” during bis course. 
Such “projects,” through proper leadership of the instructor, should 
create attention from the student, increase initiative, interest, and de¬ 
sire for knowledge, as well as leave a personal appeal. Such laboratorj" 
method should, it seems to me, be of inestimable educational value and 
should materially help to determine graduate timber among the under¬ 
graduates. 

A pomologicai field lalmratory of this nature, developed by advanced 
undergraduate students under proper supervision and based upon 
tests and experiments dealing with the fundamentals and facts of 
pomology, should year after year become more and more valuable for 
laboratory instruction. As the series reaches bearing ^ age, the tests 
and experiments should be varied and a definite plan with this end in 
view could be worked out dealing more specifically with problems of 
bearing orchards. 
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Such a system of pomological field laboratories might, after a period 
of years, offer ideal materials for graduate students, and, if this plm 
were efficiently executed, it would doubtless open up problems for suit¬ 
able graduate research. A unifying of the advanced undergraduate 
and graduate instruction in a well developed field laboratory based on 
definite experimentation, which might in some cases be incorporated 
in experiment station projects, would lead, it would seem to me, to an 
efficient and successful method of handling advanced laboratory in¬ 
struction in pomology. 


REPORT OF COMMITTEE ON GRADUATE WORK. 

By M. J. Dorsey, University Farnif St. Paul, Minnesota. 

In the past reports of the committee on graduate work, it has been 
shown, first, that on the whole, workers in the field of horticulture are 
not on a par with respect to academic training with the men in some 
other branches, comparison being made directly with chemistry, Sec¬ 
ond, there has not been a unanimous opinion as to just what should 
constitute graduate work in the field of horticulture. Some liave laid 
emphasis upon the materials of horticulture, and others on the under¬ 
lying sciences. Third, there is some doubt as to whether graduate w^ork 
should be given in liorticulture or in the fundamental sciences. Twenty- 
four of the correspondents being in favor of offering graduate work 
in liorticulture and eleven in the fundamental 8(!ieiH*es. Fourth, there 
was almost a unanimous opinion among hortic'ulturists that tb(‘n* should 
be a close relation between station projects, especially the Adams Fund 
projects, and graduate thesis investigation. The last statement appears 
contradictory to number three and is signHcant in this eoiinection in 
that it is suggestive of a changing point of view. 

The report of the committee this year will covct that part of the 
graduate training covered by the thesis. We shall confine our attention 
primarily to: first, the place of the thesis as a part of graduate training, 
and sec'ondly, to a detailed discussion of the thesis. 

The Place of tite Thesis in (fRAni:\TE Training. 

It would appear axiomatic that the type of training re(|uired of 
men who enter any field of applied science wmuld be fairly closely 
allied to the type of research most urgent or Inost important in the field 
in question. In the previous discussions on the subject of graduate 
work, emphasis has been placed upon the distinction betw^eeii the type 
of training of the man who entiu’s the field of horticulture in its applied 
sense and those w^ho enter it from the standpoint of research. There are 
clearly then two points of view, the so-called practical view^ and the 
scientific view\ The fact that these two views are both represented in 
the faculties of today makes it certain that twm types of graduate work 
will be given and (ionsequcntly with respect to training two types of 
men will be developed. It may also be stated that there are two types 
of problems confronting investigators in the field of liorticulture, first, 
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problems requiring for their solution a knowledge of the materials and 
methods of horticulture in the applied sense, and second, those con¬ 
fronting the industry which require a knowledge of the fundamental or 
underlying sciences for their solution. 

The attempt to make this distinction is persistent and determined. 
It carries with it the implication that scientific work is not practical, 
since the practical investigation is assumed to be practical It is not 
the intention to enter a lengthy discussion of this point here, but the 
crux of the whole question is this: are workers trained with the two 
points of view interchangeable, that is, can the man with the scientific 
training approach problems in the applied sense and can the man with 
the so-called practical training approach problems in the scientific sense? 
The fact is, that at times the argument on this point resolves itself 
into a matter of self-defense, that is, the practical man excuses his lack 
of scientific attainments on the ground that he is a practical man and 
tlic scientific man defends his short-comings in a practical way on the 
basis that he is a scientific man. This question should not be confused 
with the immediate applications of the results of investigation, but the 
element whicli enters most persistently in making this distinction is the 
fact tliat th(* immediate applicability of scientific investigation is not in 
all (tases evident. From the standpoint of graduate training, the im¬ 
portant thing to he kept in mind is that some men with a scientific train¬ 
ing are also pra(di(;al and that some with a practical training are also 
scientific*, and (‘onsequently there is nothing inherent in one viewpoint 
or training to j)rolnhit the entrance of the otlier. 

With this situation at liand, what then is the object or the place 
of tlic thesis in the graduate training? The thesis may be looked upon 
from two standpoints; one, as an instrument in training the mind, and 
the other as a measure of the man. As a feature of training and as a 
point of entrance into a science, the thesis has its function in giving the 
graduate student an o})portniiity on the one hand to sum up tlie knowl¬ 
edge known, preferabiy on a specific* problem, and sec*ondly to add to 
knowledge in tliat field. 

It will l)c rc^c-alled tliat in some of the* reports last year, there was a 
tendem'y to limit the' master's thesis to merely a summing up of knowl- 
c*dgc, leaving the second phases primarily to the longer term work cov¬ 
ered in the do(*tor’s training. The c'Oinmittec* holds to the view that, 
thesis work for the* mastc*r\s dc^givc* slionld include at least an attempt 
at invc?stigation. Hy original investigation we mean broadly a method 
of attack which will l)ring out ucnv fac*ts. 

The chief distinction between the training obtained in original 
investigation and eourse work lies in the point of view. In the one ease 
the tnind is receptive and in the other creative. One attitude is essen¬ 
tially static and the oth(>r active or progressive. So it would appear 
that the thesis as a part of graduate training can have a different value, 
ac'cording to its dirf^otion or nature tuid that a literature review, or a 
snrnmarmng thesis is in its point of view in line for the most part with, 
course work. 
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The work done by a graduate on his thesis furnishes his chief recom¬ 
mendation to others. In the course work, if properly given, there are 
ample space and time for a rather broad summary of the field, without 
leaving this to the individual initiative of the student, to be covered in 
the thesis which is, for the most part, a review. The relation of the 
thesis then, to the remainder of the graduate training is that it is sup¬ 
plementary, and different in its point of view. 

When a subject is taught from the research standpoint, it is rela¬ 
tively easy for the student to get the point of view of the way in which 
facts are developed in science and to attack a specific problem of limited 
extent, bring together what is known and then go farther. It is going 
farther which gives a student the opportunity to handle proof, tech¬ 
nique and methods, to make deductions, to handle facts and to draw 
conclusions. Course work can be presented in su(jh a w^ay as to in¬ 
clude these, but his training should (*ome primarily in learning to use 
the tools that others have used, or if necessary, perhaps to invent new^ 
ones, and in their use a new clearing may be begun, or an old one 
cleared better. 

The difference in the point of attack may be illustrated as follows: 
Take for example, the ancient question of the graft union. A purely 
horticultural aspect of this problem would be to determint* which stocks 
are best for a particular fruit, considering such points as productive¬ 
ness, the relative speed of growth of stO(^k and scion, and the permanence 
and readiness with which the union may be made on a commercial scale 
in the nursery. This w’ould be the horticultural or practical phase of the 
relation between the stock and scion. Another phase of this question 
may be termed the anatomical, w hicli w'ould includ(‘ a study of the graft 
with particular reference to the cell unioji, and the laying down of con¬ 
ducting tissue through the point of union. Again the problem may be 
approached from the cytologicaJ standpoint, including a detailed study 
of cell contents, structure, and division in the region covered by the 
graft union. Still another phase may be termed the chemical, which 
could be made to include, for example, a miiTochemical study of the 
cell contents in the stocik and scion in the region of the union, or an 
examination of the raw material below and above the union. Finally, 
the problem might l>e largely physiological, wiiich, broadly, could include 
an examination of the influence of the stock on the functional activity 
of the scion. Checks may be made upon such points as rate of tran¬ 
spiration, rate of growth, starch content and stored food in twigs. 

The problem of the graft union is mentioned to illustrate the points 
of attack and some of the underlying sciences involved in what appears 
to be a horticultural problem. It will be evident that what has been 
regarded as the horticultural aspect only goes so far, and that an ac¬ 
curate conception of the relation between stock and scion cannot be 
gained until an investigation is made from different points of view. 

If there is a distinction betw^een the practical and a scientific phase 
of an applied problem, it is not necessarily true that graduate training 
should follow along these lines. The limitations of each type of training 
should be clearly recognized. Our final statement on this point is that a 



BsSP(m OF OOMHITTBB ON GRADUATE} WORK. 


148 


man scientifically trained may carry forward accurately and with care¬ 
ful control, important investigations in strictly applied problems, but 
a man of the so-called practical training is not necessarily able to carry 
forward research of a technical nature. There are then, limitations on 
the one type of training not inherent in the others. 

The Thesis. 

The thesis outline as generally presented may be briefly summar¬ 
ized under the following heads: 

Table of contents. 

introduction. 

Acknowledgments. 

Literature Review. 

Statement of the Problem. 

Material and Methods. 

Results of the Investigation. 

Discussion. 

Conclusions. 

Summary. 

Bibliography. 

Plates and Figures. 

Publication of Thesis. 

As a basis for discussion, these different sections of the thesis will 
be given separate treatment. 

Table of Contents: The table of contents should follow the title 
page of the thesis and should include, with proper subordination, the 
main divisions of tlie thesis outline. If the table of contents is carefully 
worded and arranged, particular attention being given to subordina¬ 
tion, it can be made to present in summarized form not only the main 
points covered in the thesis, but the thesis outline as well. By careful 
reference to the paging, the table of contents also serves as a good index 
to the thesis, especially if the main headings are well divided in the 
text. The main divisions of the subject and the table of contents should 
correspond. The main divisions can be made center heads in the text, 
the next divisions xinder the main heads also center heads but of a 
different type. The divisions third in the rank in the table of contents 
can be included in the text as italicized side heads. Where further 
divisions are made these can be given the rank in the test of paragraph 
subjects. The table of contents then can be made to serve the double 
purpose of an outline and an index. 

Introduction: In the introduction is generally stated the point 
of view. It is true that there are a great variety of introductions, as 
many probably as there are writers. A careful statement in the intro¬ 
duction giving a philosophical and historical setting for the problem 
to be presented will in most eases be good form. In order to do this a 
lengthy introduction is usually not necessary. In many eas^ no dis¬ 
tinction is made between the introduction and the literature review, 
but if carefully done, the introduction can present the author's point of 
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view in a way that cannot even be done in the summary or discussion. 

Acknowledgments I Acknowledgments of the author to instructors 
or associates are sometimes placed after the introduction, sometimes 
after a discussion of the materials and methods and sometimes as a final 
statement at the end of the text, and also sometimes as a foot note on 
the first page. The committee believes that preference should be given 
to a foot note at the bottom of the first page or a statement following 
the introduction. The acknowledgments should be simple in statement 
and to the point. Whatever the personal feelings of the author may be, 
viewed from the standpoint of dignity and time, a plain simple state¬ 
ment of the facts wdll avoid future (‘Uibarrassment. ('oiirtesy extended 
in this way, fairly and accurately, is a measure of the writer’s good 
taste. 

Literature Rdirir: In the literature review, the author has an op¬ 
portunity to present liis conception of the relation between his wrork and 
the w^ork done previously by other investigators. In many problems 
there is an extensive literature and the author must of necfcssity exercise 
care in the choice of references to be included. It is entirely proper 
for the author to ])rcsent a revi(*\v only of tiiose works which in his 
judgment can be considered as n‘al advances in the particular field in 
which he is w''orking. A complete historical statement of all w^ork in 
a particular field, and a r(‘view' of those ('ontributions to res(*arch wdiich 
have been real advances, are in most cases de(ddedly dilferent. The 
latter can be made short and to the point. The mere suniinarizing of the 
work done by ea(‘li author and j)resent(Ml ])arag!‘aph by paragraph gives 
the reader but little conception of the author's point of view’. If, how¬ 
ever, instead of tliis type of literature review, tlie author has as his 
theme the development of the idea leading up to bis W’ork, and uses the 
names and contributions of otheis as mer<*ly iiK'idents in the theme, 
the author then leads uj) to his point of attack, at the same time taking 
the mind of the reader to the problem, rather tlian leaving the theme 
to be wmrked out by the reader. The literature review’ is easily over¬ 
done. likewise it is easily underdone and extreme care should be exer¬ 
cised in presenting this phase of tlie tlusis in order to be fair and 
accurate. 

Statement of the Prohlem: Pollowdng the literature review in 
w^hich the theme has been developed up to a point where taken up by 
the investigator, a statement of the problem is in order. This can be 
made very brief since an extended treatment at this point would for 
the most part have to be presented later. In the statement of the 
problem, the author has an opportunity to present his view of the place 
his research takes, and the way in which it builds upon the work done 
previously in his field. 

Material and Methods: Tender this heading a statement should 
he made of the material and methods used. The author can show his 
fairi^ess as an investigator by the frankness with which he discusses 
both the strong and the w’eak points of his materials and methods. 
There need be no reserve exercised in this connection or any hesitancy 
in stating the full facts, since the purpose is to place before the reader 
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B complete statement of the facts from which couclusions were drawn. 
If it is necessary to present a description of any new methods or ap¬ 
paratus it can be done under this heading, even though it may seem 
necessary to discuss certain details in connection with the presentation 
of the results of the investigation. 

Results of the Investigation ; This division of the thesis is the most 
important and the treatment thus far should be made in such a way 
as to lead up logically to the presentation of results, which may be done 
by means of descriptions, tables, photographs, drawings or curves. The 
material included should be carefully selected and the arrangement 
should follow a carefully planned outline in which the point of attack 
is automatically revealed. In most cases the presentation of results is 
too extensive and detailed, instead of being carefully summarized. In 
some laboratories it is not uncommon to see graduate students weighing 
their thesis manuscripts from time to time to note progress. Some 
judgment must of necessity be exercised in order to include primarily 
only the material which is contributory or basic to the conclusions 
reached. If the field is new, there are always a number of side issues 
which may, if presented, render it difficult to determine which is the 
^'main show.^’ Here again, the mere succession of table on table or 
eurve on curve with scarcely a conne(*tion between them cannot be 
considered good form, to say the least. Through the presentation of 
the results of the investigation should run the main theme of the 
research. The presentation of data can be made in such a way that 
they fit into the text statements and follow logically one after the 
other. If the results are presented from this standpoint the discus¬ 
sion of the results (*an be shortened materially. 

Discussion of Hesulls: Fiider the heading of “Discussion of .Re¬ 
sults” the author has an opportunity to show his openness of mind and 
his fairness and honesty as an investigator. At this point the writer 
can take up the theme left off in the literature review and make the 
iinal analysis of his research and placing the facts brought out in their 
proper relation to others, in the same field, already known. The dis¬ 
cussion can be made brief and to the point, coinciding with the view¬ 
point expressed in the introduction. It is frequently necessary in a 
discussion to present brief statements concerning other work, as a basis 
for comparison. This seldom need be extensive, however, unless the field 
worked in happens to be one under controversy and attacked by a 
number of workers. 

Conclusions: The conclusions are sometimes expressed in a num¬ 
bered series in such a way that they comprise simply final statements of 
the results of the investigation. The main object of the conclusions, as 
it appears to the committee, is the point in the thesis where a statement 
can be made of the scientific deductions which seem to be justified as a 
result of the facts developed in the particular investigation in ques¬ 
tion, These are usually not extensive even if the wmrk has been inten¬ 
sive and thorough. The conclusions are presented quite frequently in 
the form usually followed in the summary. A distinction needs to 
be made between conclusions and summary. 



146 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE. 


Summary ; In the summary the author should present a series of 
statements bringing out the main points of the entire thesis. At the 
end, the final statement can be made to include the conclusions. If 
the summary is presented properly and from the right point of view 
the main theme of the thesis will be contained therein, with the excep¬ 
tion of the details upon which it is based. The object of the summary 
primarily is to present to the reader a statement of the work without 
going into the details of the presentation. The author should keep in 
mind that it is through the summary that most readers are reached. 

Bibliography: A distinction should be made between a bibliography 
and a citation of literature. A bibliography is the more inclusive and 
can be made to contain all of the principal references in the particular 
field. The literature cited should contain only tlie references mentioned 
in the text. In referring to the works of others, different methods are 
used. Sometimes where reference is made direct it is included in the 
text. At other times it may be mentioned in parenthesis. Tlie litera¬ 
ture may be either cited at the end of the thesis or at the bottom of each 
page where reference is made, in foot notes. The two methods have cer¬ 
tain advantages. Where references are made at the bottom of each 
page the convenience of the reader is primarily considered. Where it 
is made following the summary, the necessity of turning to each page 
to get the reference in the particular field is avoided. In the biblio¬ 
graphy of citations of literature, chronological order is sometimes fol- 
followed, in which case the year of the reference is placed aside at the 
left of the page. In other cases an alphabetical arrangement of the 
authors with a chronological arrangement of the works of each author 
is used. There are various forms of presentation. su(*h as that followed 
by the Botanical Gazette or the Journal of Agricultural Research. The 
main point is to have some acknowledged system and follow this relig¬ 
iously in every detail or form, punctuation, capitalization, volume, page, 
plate and figure reference. 

Plates and Figures: Plates are generally placed at the end of the 
work, although in many cases for convenience, they are placed in the 
text. The text figures should be numbered serially and reference should 
be made to them only when necessary in the presentation. The legend 
in the text for a figure should be complete and of such a nature that 
the figure or cut can be completely understood without hunting for the 
text reference. In the plates, which are generally placed at the end 
of the thesis the same system should be followed in the legend. The 
committee feels that the most convenient system is to number the plates 
serially, where there are more than one, and then number the figures 
serially. For instance, there may be four plates and sixty figures. If 
the figures are numbered in order in the plates, awkwardness in the 
text reference is avoided, since merely the figure number, without the 
plate number, can be used. If there is a number one in each plate, 
it is necessary" for both the reader and the author to keep this constantly 
in mind. Where it is necessaiy to refer to more than one point in a 
particular figure, letters can be used. If possible, the legend for each 
plate should be placed on the page opposite the particular plate so 
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that when the volume is open at this point the figure legend and the 
plate are available without a turning of the pages. 

In the choice of illustrations or drawings, the author again has an 
opportunity to show good judgment. These should be as brief as 
possible and yet ample for the purpose of bringing out the important 
details which the author deems it necessary to illustrate. 

Puhlication of the Thesis, There may be some question regarding 
the publication of the thesis. The committee holds that except in those 
oases where the thesis constitutes a part of a larger project and pub¬ 
lication is withheld for that reason, that any thesis, and certainly the 
doctor’s thesis, which is not worthy of publication, is not worthy of 
acceptance for partial fulfillment for the degree. The thesis can be 
presented in such a manner and with such finalit}’' ot treatment and 
•criticism that it is ready for publication without changes. It is some¬ 
times necessary to withhold it for further data, but along with the 
experience of preparing and presenting a thesis may also be included 
the experience of preparing it for publication. It would be entirely 
proper to have the departmental criticism come to the thesis before it is 
presented to the graduate faculty. In fact, considerable embarrassment 
may be avoided by having careful department criticism at this time. ^ 


SATURDAY, DECEMBER 9,2 P. M. 

ELECTION OF OFFICERS. 

Two lists of candidates w'ere presented by the nominating com¬ 
mittee and the officers and committees listed on page 5 were elected 
for 1918. 

OLERICULTURE AS A FIELD FOR INVESTIGATION. 

By T. C. Johnson, Virginia Truck Experiment Station, Norfolk, Va. 

The early investigations in olericulture, as in most other lines of 
horticulture, sought immediate results for publication. 

This desire for quick reports influenced the type of work under¬ 
taken directing attention to problems lying somewhat on the^ surface of 
the subject. Immediate relief for the difficulties of the practical grower 
occupied the time and facilities at disposal to such extent that investi¬ 
gations requiring a long term of years were impossible, and the theoreti¬ 
cal side of questions was necessarily held in abeyance while utilitarian 
ends were pressed. 

The most fruitful cultural methods in the field and greenhouse re¬ 
ceived constant study, and spraying has been of importance from the 
beginning, giving rise to questions of what chemicals to use, when to 
apply them, and by what means. The nutriments adapted to the best 
growth of different vegetables has always required the advice of scien- 
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tific men, which gave early prominence to fertilizer investigations. These 
were largely a search for the combinations yielding the largest harvest 
with less inquiry into the reasons for success or failure. 

Tile popularity of variety testing is apparent from a i^ere casual 
survey of the early volumes of the Experiment Station Record. Select¬ 
ing apples and tomatoes as typical examples, it is interesting to note 
that of the 289 apple entries listed in the first six volumes, twenty-three 
per cent treated of varieties, or variety testing in some form, and of 
the 275 tomato entries, thirty-four and one-half per cent deal with 
variety studies. 

After a lapse of twenty years, we find that of the apple and tomato 
entries in volumes thirty-one to thirty-six only three and one-half per 
cent of the former, and ten per cent of the latter, deal with variety 
studies in any form. It will thus be seen that the trend in the investi¬ 
gations of both fruit and vegetables has been away from variety studies. 

As workers, with their varied specialties, have multiplied, and fa¬ 
cilities permitted, many new and intrit^ate olericulture investigations 
have been undertaken. 

The major and minor projects now under investigation at the 
various experiment stations, bearing directly or indirectly upon oleri¬ 
culture as listed by the States Relations^ Service, United States De¬ 
partment of Agriculture, may be divided into the following classes: 

(hiltural and fondng experiments. 

Variety testing and classification. 

Plant nutrition and fertilizer studies. 

Plant breeding. 

Storage and marketing problems. 

Physiological and biochemical studies. 

Insect and plant disease studies. 

Miscellaneous studies. 

Cultttral and Forcing Experiments. 

This class of problems continues to have a prominent place in our 
activities. In some instances the object seems to be to meet demands 
for immediate information on the art of growing a few of the newly 
introduced plants, or of improved cultural methods for others. This 
has its practical bearing, and a limited amount of time should be de¬ 
voted to it. In others a search for the underlying principles on which 
sound cultural practice may be founded seems to be the object. Many 
of the factors underlying the relationship existing between culture, soil 
moisture, soil temperature, and their influence on the plants’ ability 
to obtain nutrient materials from the soil, are yet unrecognized. Our 
knowledge of the relations existing between cultural and forcing methods, 
and the susceptibility of the plant to certain forms of disease, is very 
meager. We know, in a general way, how to control blossom end-rot of 
tomatoes in the greenhouse, but do we know what modification to make 
in our field practices to accomplish the same end f What are the factors 
that render the field tomatoes susceptible to this disease, and how 
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may they be modified or changed so as to eliminate this source of lossK 
The pathogenity of the disease may be known, but is it amenable to 
cultural treatment? 

The vegetable growers in the Middle Atlantic and Southern States 
are often bothered by the presence of mematodes in their garden soils. 
Frost is an important factor in controling these in the pooler por¬ 
tions of the country, but this method is inapplicable to the South. It is 
known that they can be eradicated by growing non-susceptible crops, 
but are there any cultural methods or practical soil treatments that will 
accomplish the same results ? 

Variety Testing and Classification. 

The study of variety, and varietal characteristics, has not been 
fully superceded by other lines of activities, and it is not desirable 
that it should be; but the investigator should have a clear conception of 
the object sought. There is a vast difference between the variety testing 
for the mere purpose of determining relative productivities, and a 
search for principles underlying variations or adaptations. The prac¬ 
tical grower is primarily interested in the productivity of his plants, 
and this justifies a limited amount of investigation. But in connec¬ 
tion wuth this, a study of adaptability to soil and climate should be 
made. A knowledge of variations occurring under different conditions, 
and the factors influencing them, are of much value in classification 
studies. 

This class of work may properly include studies of disease and insect 
susceptibility. The result obtained in developing wilt-resistant strains 
of cotton and cow peas is only an indication of what may he accomp¬ 
lished, and should stimulate us to greater efforts to obtain w'ilt-resistant 
tomatoes, cucumbers, cabbage and other vegetables. 

There is a great need for variety study work to be put on a more 
systematic basis, so that the results obtained in the various parts of the 
country may be comparable. The present chaotic state of vegetable 
nomenclature needs systematizing, and this can he done only after a 
comprehensive study of the varieties under varied cultural conditions. 

Noted examples of variety studies of high order include the w^ork 
done by Stuart on classifications of potatoes; that by Myers on cab¬ 
bage, and that by Fletcher on strawberries. 

Plant Nutrition and Fertilizer Studies. 

The subject of plant nutrition and use of fertilizers, as examplifi^d 
in olericulture, is a fruitful field for study. This is due partly to the 
large variety of plants and the varied conditions under which they 
are grown, and partly to the numerous sources of fertilizer materials 
from which to select. 

There have been many experiments to determine the effects of fer¬ 
tilizers on texture, flavor and color of fruits, but few on vegetables. It 
is well known that potassium sulphate produces a better grade of 
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tobacco than does potassium chloride, but their relative effects on cab¬ 
bage, lettuce and spinach are open questions. Many sources of nitrogen 
are available for fertilizer purposes, but the effects of the various kinds 
on the physiological conditions of the plants are not definitely known. 
Sodium nitrate is frequently used to stimulate foliage formation in 
parsley, but does it give better results than cyanide, and if so, why? 

Do the’ kind and quantity of fertilizers used have any influence 
on the plants' power to resist disease? If so, why? Can we produce 
vegetables profitably by the use of commercial fertilizers alone, or must 
we use them in combination with animal manures? What is the effect 
on the soil and on plant productions, of continued use of large quanti¬ 
ties of commercial fertilizers? What is the effect of animal manures in 
vegetable production? What are the factors that determine the influ¬ 
ence of commercial fertilizers on the soil flora? What is the effect of the 
physical and chemical condition of the soil, on the availability of plant 
nutrients? These, and many other problems, are open for solutions. 

The results accomplished by the Ohio Experiment Station with field 
crops, and the Rhode Island Experiment Station with vegetables in this 
country, and the Rothamsted Experiment Station with grain, forage and 
root crops, are indicative of wdiat may be accomplished at others when it 
is fully realized that fertilizer experiments are of long duration, and that 
much time and thought must be exercised in planning them. Short time 
experiments of this class may have immediate value in the field of demon¬ 
stration, but they add litfle or nothing of permanent worth to our knowl¬ 
edge of the subject. 


Plant BREKDiN(i. 

Plant breeding is a popular subject for olericultural investigations, 
as exampled by the forty-six subjects mentioned under their heading. 
The object in many cases seems to be to determine lines of inheritance, 
but in others attempts are made to modify characteristics as a means of 
adapting the plant to the desired ends. Better progress will undoubtedly 
be made when the lines of inheritance are definitely established, but in 
the meantime, much may be accomplished by applying the knowledge we 
have. 

There are a number of varieties of vegetables of excellent local adap¬ 
tations, but on account of their inability to accommodate themselves to 
varied conditions, their distribution, and consequently, usefulness, is 
limited. Here is an opportunity for the plant breeder to modify the old, 
or to produce new strains and varieties that will meet better the de- 
m^ds. The variety of potatoes now grown as a truck farm crop in the 
Middle Atlantic States is quite resistant to early blight and tip burn, |ind 
the yield is generally good, but the table quality is inferior. Some other 
varieties are equally as early and the table quality much better, but the 
foliag^ is so susceptible to the diseases mentioned that the yield is usually 
unsatisfactory. A variety with the yielding quality of the one, and the 
table quality of the other, is desirable. Some of the best varieties of to¬ 
matoes and lettuce for the home garden are not desirable for commercial 
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growers, because they will not withstand the viscisitudes of transporta¬ 
tion. But probably the most attractive division of the entire field for the 
olericulturist is the development of disease and insect resistant strains. 
The recent progress in the production of strains of cabbage resistant to 
yellows, and tomatoes resistant to wilt, are indicative of what the future 
has in store for the faithful investigator. 

Storage and Marketing Problems. 

Storage and marketing problems, always of economic importance, are 
especially apropos at this time. 

Studies of methods in handling and packing, in order that the pro¬ 
duce may reach its destination in good condition, are important. These 
should include effects of maturity, and methods of packing on marketing 
qualities. Much valuable work has been done on methods and effects of 
pre-cooling at loading station, and refrigeration in transit, but there are 
many phases of these problems yet unsolved. 

It is feared that even our horticultural leaders have not fully apprec¬ 
iated the need for authentic information on the disposal and utilization of 
waste and by-products. The canning industries are asking for methods 
of economical use of waste materials, A recent bulletin of the United 
States Department of Agriculture on utilization of waste tomato seeds 
and skins illustrates the point in question. The extraordinary demand 
for stock foods and industrial alcohol are stimulating the canners of sweet 
potatoes, pumpkins and other vegetables, to demand assistance in their 
lines. The rapid development of the girls' canning club movement serves 
but to direct attention to the possibilities of dehydration as a means of 
food conservation. The progress made in the utilization of peanuts «as a 
staple souix!e of food has elevated the humble goober from the street 
vendor’s cart to a position of prominence among the staple products. It 
is frequently served in the form of peanut butter, or a substitute for the 
better grade of olive oil. The progress in the utilization of the soy bean 
in the arts, in the production of stock foods, and even in the production 
of pork and beans and other culinary products, is of international im¬ 
portance. 

A study of the factors limiting the economical production and mar¬ 
keting of vegetables and vegetable products is important. Why has the 
industry developed in certain localities and not in others! There nre 
undoubtedly reasons why vegetable production has reached such high 
state of development in Florida, Virginia and New Jersey, and not in the 
intervening states; why Astabula, Cleveland and Boston are centers of 
greenhouse vegetable production, and Pittsburg, Philadelphia and New 
York are not. These, and many similar problems of lessor magnitude, 
are awaiting solution. 

Physiological and Biochemical Studies. 

There is a long recognized demand for more and for specific informa¬ 
tion on physiological and biochemical phases of olericulture. What are 
the factors causing deterioration in varieties of potatoes! Why do ap- 
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parently healthy tubers of some varieties grown in the northern potato 
belt, produce plants affected with mosaic, or leaf curl, when planted 
for two or three generations in Bermuda or in the Southern States, 
while others retain their vigor for a number of years? What are the 
factors underlying the practice of using northern grown Irish Cobbler 
S(ied tubers for producing the early crop in the trucking regions of the 
Southern States; but for maximum yields, locally grown seed produced 
in the late fall from northern seed of the previous year’s harvest? What 
physical and chemical changes occur in cabbage plants affected with 
“yellow?” What are the chemistry and physiology of mosaic dis¬ 
eases? The solution of these, and many other problems, will undoubt¬ 
edly modify our cultural practices. 

Insect and Plant Disease Studies. 

The study of insect and plant disease control is so closely asso¬ 
ciated with horticultural jiractices that it is thought best to mention 
them here. The campaign now being waged for the eradication of the 
cattle tick in the Southern States is founded on the established fact 
that the Texas fever is transmitted from one animal to another by these 
insects. But we have been slow to recognize the possibility of insects 
transmitting any form of plant diseasi^s. It is now well established that 
some of the so-called physiological plant maladies are transmitted in 
this way. Therefore the control of insects becomes of new importance 
to the plant culturist. 

7Tie study of life histories of both insects and fungi causing plant 
diseases should undoubtedly be delegated to specialists in those lines, 
but the application of the remedies has such intimate bearing on the 
productivity of the plants that the study of tlic effects of the remedies 
on ))oth the parasites and liost plants should be considered from the 
horticultural viewpoint. 

There is evidently much yet to be learned about various cultural 
practices and their influences on disease and insect infestations. What 
rotation should be followed to eliminate “bacterial wilt” or nematode 
worms from our garden soils? What are the best methods of soil steril¬ 
ization for both greenhouse and field conditions? These and similar 
questions, are being asked by the practical grower who believes he has 
a right to demand an answer. 

The importance of this class of work may be fully appreciated when 
it is remembered that of the 285 studies mentioned in the list cited, 102 
were of this character. 


Miscellaneous Stt^dies. 

There were a number of miscellaneous studies mentioned, includ¬ 
ing such topics as irrigation, effects of locality on plant growth, influeiiee 
of high altitudes, inter-cropping and vegetable seed production. All of 
these are of economic and scientific importance, but time forbids dis¬ 
cussing them here. 
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This brings us to another phase of the subject which is worthy of 
consideration; that is, the institutional experiment. It is evident "that 
several phases of the work mentioned can, and should, be conducted by 
the horticultural department alone; but, for satisfactory solution of 
others it is necessary to elicit the aid of specialists in the respective lines. 
These should be under the direction of the head of the department, or 
the man in direct charge of the experiment, and be responsible to him 
rather than to heads of other departments in the institution. This 
would enable him to marshall all his forces, and to attack the problem 
from the various angles. The responsibility for results would then be 
centralized in one man, or department, rather than in many. Several 
horticultural departments now have specialists in various phases of 
fruit, flower and vegetable investigations, including physiological and 
chemical studies. Hence, it seems consistent to hope and expect the 
better organized departments will carry on their regular force specialists 
in soils, biochemistry, pathology, entomology and other allied subjects. 


TKE PLANNING OF AN EXPERIMENT FOR THE FERTILIZATION OP 

VEGETABLES. 

By ('. E. Myers, Pcntmjlvania State College, State College, Pa, 

Last year at the meeting of this society there was considerable dis¬ 
cussion concernng the subject of the planning of an experiment. The 
discussion indicated that the subject is one of vital importance to many 
of us workers in this field of science. It also indicated that frequently, 
experimental projects are instituted without having l)een properly 
planned. 

Within the past two years we have given considerable attention to 
the planning of a project at the Pennsylvania State College, to secure 
information on the fertilization of vegetables. 

Persons (*oncerned in tlie work of vegetable gardening have long 
appreciated the lack of definite knowledge with respect to the fertiliza¬ 
tion of the more important truck crops, Mhile at the same time they 
fully realize that immense sums of money are spent annually by persons 
engaged in the production of vegetables. 

From the nature of the work it is obvious that a project of this 
kind, to be the most valuable, must be planned to consider several 
phases of the subject, yet, each phase should be inseparably associated 
with another so that when the data are studied and conclusions reached, 
it may be possible to determine the limiting factors in the point con¬ 
cerned. At the same time the project should be so planned that it may 
be continued for a long period of years, thus eliminating, to a large 
extent, differences due to seasonal conditions. 

At the beginning of the consideration of the project a study was 
made of the available literature on the subject, in order that in-so- 
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far as possible, duplication of the work of others might be eliminated, 
and when features were observed that were considered desirable they 
were noted and when practicable incor|>orated in the project. Further¬ 
more, for the purpose of securing suggestions and criticisms from work¬ 
ers in fields of agricultural science, other than vegetable gardening, con- 
ferencjes were held with agronomists, agricultural chemists, soil phy¬ 
sicists, pomologists, and others, and finally before the project was adopt¬ 
ed, it was thoroughly discussed by the research staff of the institution, 
after which, when the desired changes were made it was approved. Thus 
it may be truthfully said: 

have gathered a bouquet of other men’s flowers and only the 
thread that binds them is mine own.” 

The three crops which we decided to study are early cabbage, early 
potatoes, and tomatoes, grown in a four year rotation with timothy and 
clover completing the fourth year of the rotation. The land chosen 
was a part of a general farm which has recently come into the possession 
of the College. From general appearances th(‘ soil seems to he quite 
uniform. The fi(‘l(l was laid off into four sections, to permit of the four- 
year rotation, each section comprising about one and three-fourth acres. 
(See illustration.) Piach of the sections is treated as a unit and is 
further subdivided for the purpose of the experiment. 

In order to determine, as accurately as possible, the original char¬ 
acter of the soil, a record was kept of the yield of the hay (mixed 
timothy and clover) the .year previous to the beginning of the treat¬ 
ment on the respective sections. The section is laid off into the small 
plots as is shown in the main part of the plan, and a study made of the 
uniformity of the stand as well as of the record of the air dry weight. 
In addition, samples taken of both the soil and subsoil on each of the 
one-hundredth acre plots, to be used for future study and comparison. 

The project was established for the purpose of securing informa¬ 
tion on the following points: 

1. What element of plant food is most necessary in the profitable 
production of each of the crops mentioned? 

*2. What is the optimum amount of these elements to apply ? 

What is the best carrier of the respective elements? 

4. What is the relative value, following the truck chop, of a cover 
crop grown through the winter and plowed under, as compared with 
an application of ten tons of barnyard manure, for maintaining the 
humus content of the soil? 

In order to study these questions, it was decided to arrange a 
series of plots, each of which was designed for the study of a particular 
phase of the subject. Thus each of the four large sections was divided 
into six tiers which are treated as a unit with respect to the purpose for 
which they were established, and are plowed as such. Thus Tier 1 is de¬ 
signed to give information on the first question; Tier 2 on the second, 
Tier 3 on the third. Tier 4 is a duplicate of the first tier, with the order 


^ Standard arn)Ucation of fenillzer, namely: 60 pounds of nitrogen, 100 pounds of phos* 

pnoric acid, and 80 pounds of potash, was adapted as most nearly representinar the average of the 
general practice in the fertilization of these crops. 
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of plots reversed, and Tier 5 is a duplicate of the second tier, also with 
the order of the plots reversed. The sixth tier is designated to give in¬ 
formation on the fourth question. 

Each tier is separated from the adjoining one by a permanent 
boundary four or eight feet wide as the case may be. This makes them 
readily accesible, yet serves to maintain the individuality of each. 

The unit of treatment is the small rectangular plot 12 by 36.8 feet 
in size, and comprises one one-hundredth of an acre. We consider these 
plots sufficiently large to give a fair measure of accuracy in the study 
of the treatment of the crops concerned, and at the same time the size 
is convenient for making computations. Each plot is separated from the 
adjoining one by an untreated area six feet wide, although this area 
is planted the same time as that which is treated, but no re(tord is kept 
of the yield from it. For the purpose of determining lack of uniform¬ 
ity in the soil every fourth plot is designated as a check or untreated, 
and when yields are computed, corrections will be made for the indicated 
differences. 

Thus far, only one (?rop has been grown. During the past season 
early cabbage was grown on KSection A, and while it is mu(*h too early to 
make predictions as to what the value of the project may be, it indi¬ 
cates that it may probably be the means of giving some interesting in¬ 
formation on subjects which are at present puzzling the scientists as 
w’ell as the commercial farmer. 


PLANNING AN EXPERIMENTAL PROJECT. 

By W. L. Howard, University Farm School, Davis, California. 

Planning an experimental project is like getting ready for an ex¬ 
ploring expedition or for a war movement. Just as Joshua of old is 
said to have encircled the walls of Jerico several times before attacking 
that stronghold, so must the modern agricultural investigator, figura¬ 
tively at least, go round and round his problem before maturing his 
plans and launching his attack. The problem itself may be as plainly 
evident as the Mississippi river was to DeSoto, but what about its begin¬ 
ning and end, that is, where does it start from and where does it lead 
to ? DeSoto very much wanted to know these things in connection with 
the great river he had discovered, and so does every other explorer or 
investigator face just such questions. 

Approaching his problem, then—^t6 pursue further the simile of 
discovering the Mississippi—shall the explorer first go upstream and 
search out its source, then back-track and explore down to its mouth, or, 
shall he divide his forces and try to do both at the same time ? Suppose 
he decides to go upstream, beginning at the point where the river was 
first discovered. All goes well at first because the majestic stream is 
easy to follow, but by and by he comes to the outlet of the Ohio and there 
is some hesitation as to which is the main stream and which the tributary. 
A brief examination, however, shows that the stream he has been follow- 
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ing is much muddier than the tributary and, while the eastern branch 
looks interesting—^nougli so to warrant following for a few days—he 
decides to pass it by and continue northward on his mission. At length 
he reaches the mighty Missouri river and this is not only very muddy, 
but so near the same size as the other that he is indeed in trouble to 
decide which one to follow. When at length he has decided which he 
thinks is the Mississippi and proceeds to follow it, he does so with grave 
doubts as to whether he may not, after all, be pursuing the wrong 
course. In other words, while his problem is still well defined, he finds 
it has many interesting and important ramifications and long before he 
has gone to the bottom of the main question, or reached the source of his 
river, he actually comes to a place where there appears to be two rivers, 
or problems, instead of one. What is to be done? The answer is that 
it is wholly a matter of individual judgment and that every dilemma of 
this kind must be decided on its owm merits. Some will choose to follow 
the big muddy stream from the westward because the stream that we 
have been following up to this time was muddy, while our explorer, on 
the other hand, will discern the true stream and elect to follow it up 
and up, past the Illinois, the Des Moines and Wisconsin rivers and other 
rivers, over the rapids at Keokuk, past the falls of St. Anthony, and 
on to Lake Itaska or to the very source of his problem he has been pur- 
:suing, having refused time and again to l)e attracted or diverted from his 
course. 

The illustration is intended to show^ that it may be easy enough to 
pursue a question, if wx* can always keep clearly before us just w^hat the 
real (juestion is and not be deceived or lured aw^ay by the numerous 
Lorelei and camouflage issues that have tlie habit of showing up along the 
way. 

It is evident from the foregoing that the investigator, like the archi¬ 
tect or railroad builder must have a plan or project outline so that he 
may have a clear notion of what his problem is and how" he plans to 
attack it. Such a plan may help to keep him from being side-tracked or 
led into a blind alley, but no piece of research w^orthy of the name can 
be so outlined as to eliminate dangerous ramifications from developing, 
for these are only encountered after the work is wxll under way, and 
moreover, they are good evidence that progress is being made. But there 
will come times when it will require resolution and a clear head to resist 
the impulse to leave the main issue in order to follow^ a prominent or 
promising tributary. 

Our project outline completed, we must detennine the logical points 
of attack. These may or may not be easy to decide. The main ques¬ 
tions to consider will be. first, to determine what the important points 
are, that is, w^hether to plunge into the work at the initial place that 
offers an opening, or to start in such a w^ay as to head for the source, 
beginning or foundation; in other words, to strike at fundamentals. For 
example, in making a study of fruit bud development and differentiation 
it has been found best to begin with the normal or fully developed bud 
and work back to the abnormal or undeveloped condition. On the other 
hand, in studying the pollination of fruits, results would be much de- 
ilaved if one first undertook to work out all of the physiological ques- 
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ticms tliat underlie self-fertility and self-sterility l)efore making actual 
field tests to determine what varieties really set fruit from their own 
j>oilen or from the pollen of other varieties. Sometimes it is better to 
begin at one end of the river to be explored and sometimes at the other, 
and even sometimes in th(‘ middle, or wherever one happens to en¬ 
counter the stream. 

Getting down to eases let us briefly consider the root-stock ques¬ 
tion of fruit trees. To every one wlio hears this question mentioned 
there immediately comes a mind pi('ture of specific poii\ts that need at¬ 
tention first and in the main these will be determined by the region or 
locality where the person lives and works. Those from the North will 
perhaps first think of hardiness, resistance to cold; those from the South, 
resistance or immunity to root insects or diseases; those from the arid 
regions, ability to live without ivater and to withstand desiccating winds, 
and to those from the Pacific Coast, California in particular, all of 
these and a doz(‘n more on account of diiiiatie conditions ranging from 
the desert with only a trace of rain, to an annual precipitation of 100 
inches, <‘levations from iu‘arly 300 feet beloiv sea level, to 10,000 feet 
above; soils from lilaek alkali to silt loams averaging from fifteen to 
twenty feet deep, temperatures of 100 degrees and over day and night 
for months, to an annual mean of seventh" or less; from the cool, foggy 
coast to the hot, interior valleys, from absolutely frostless belts to regions 
covered with from tw^o to twenty feet of sno\v half the year, and finally, 
on account of higli priced land and the immense monetary value of the 
fruit industry, all of the things that can be thought of pertaining to 
root-stocks here or elsewiiere are of paramount importance. In order that 
there may be no misunderstanding, I w’ant to make it clear that fruits 
are grown in our state under all of the conditions enumerated. Also 1 
w^ant to say, since the discussion is getting to be rather specific and more 
and more personal, that the time is near wdien 1 shall have to outline a 
definite project providing for a comprehensive root-stock investigation. 
I have in fact already been called upon by fruit grow’(‘rs to su})mit such 
a plan to a special committee consisting of fruit growers, nurserymen 
and the State Commission of Ilortieiilture. The plan submitted was only 
a tentative one, w^as hastily drawn up, and very faulty, but it was some¬ 
thing in black and wiiite and was w’eleomed by every member of the 
committee like a long lost brother. Our growers and nurserymen, as 
w^ell as the State Commission, are insistent that something be done, but 
we are holding off until bettor facilities are provided, How^ever, we 
may be compelled to make a start with w’hat facilities we have. 

AVe are confronted by the following questions: 

1. Shall we set apart a few acres and immediately begin prop¬ 
agating trees of different species and varieties on different stocks when 
we do not have enough land to grow them to maturity ? 

2. Shall w*e w^ait a couple of years or so when we shall probably 
have the land and can start experiments that will not be disturbed? 

3. Shall we at once take up a botanical and historical study of the 
different stocks and laboratory studies of graft unions and also start a 
survey of facts and conditions in the State? 
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4. Shall we call upon the Bureau of Plant Industry to round 
up all possible or promising stocks for diflferent purposes and start a 
collection of them? 

5. In short, should we try to do anything with this investigation 
now when we could not possibly carry out a comprehensive plan, or 
should we wait a bit until the whole problem can be assigned to a com¬ 
petent man with proper facilities given him to tackle the problem, per¬ 
haps at different points at the same time and to do whatever he does 
thoroughly ? 

We have been inclined to take the latter course. To start some 
detail now might do little good on the whole, even though we had a 
general plan, as such a procedure might be likened to starting the con¬ 
struction of a house—with an architect's plan in hand, without having 
enough stone or cement for the foundation, or enough shingles for the 
roof, but with a miscellaneous collection of lumber that might be used 
for various purposes about the building. 

As I see it for .California conditions, the root-stock problem con¬ 
sists of at least three rather distinct parts, although each is dependent 
upon the other. 

1. There is the survey feature and historical part of the stock 
question. Under this might l)e included a systematic inquiry into 
present conditions in the state whereby the experience of nurserymen 
and growers would be revealed. Under the historical part it might be 
necessary to send a special agent to foreign lands to study the different 
species commonly used for stock in their native habitat, and present 
W’orld conditions are not favorable for that. This part of the investiga¬ 
tion might best be carried out in cooperation with the Bureau of Plant 
Industry. 

2. The actual preparation of the different stocks for testing would 
really be a nursery job as it would be necessary to propagate thousands 
-of trees of known varieties on known stocks, for we would want to include 
almonds, apples, apricots, cherries, peaches, pears, plums, prunes, and 
walnuts with all the principal varieties of each. 

3. The final phase or part of the investigation would consist of 
testing the trees. And right here one of the most serious problems pre¬ 
sents itself, which is, how are we to judge the value of the different 
stocks? There are two things in paiiiicular that we want to know: First, 
the succes of the graft union as regards the strength, longevity and 
fruitfulness of the trees; and, second, the extent to which the different 
stocks may adapt the trees to special conditions of soil, climate and root 
parasites. 

Obviously only a part of these questions could be answered by 
planting all the trees at one place, under one set of conditions. Accord¬ 
ing to our conception of the problem, though, at least a few of all the 
trees should be planted side by side in one place and be kept under ob¬ 
servation for an indefinite time. In addition it would be equally neces¬ 
sary to send collections of certain trees to be planted and grown under 
some of the special conditions as on the coast, in the coast valleys, in the 
hot interior valleys, in the desert, and semi-desert, in the humid regions 
on the western slope of the coastal mountains, in the foothills of the 



160 


AMERICAN SOCIETY FOE HORTICULTURAL SCIENCE. 


Sierras and Coast Range, and in the high raountains. This would have 
to be done under some sort of leasing arrangeraent. Fortunately under 
our laws the I'liiversity can lease land for a period of fifteen years. 
Sueh a test would give us much valuable data and perhaps best of all, 
would have a tendency to give the growers more confidence in the 
results. 

Such in brief are our ideas and plans for one line of investigation 
which we hope to get under way in the near future and it might be 
added that the fruit growers in three or four of the big associations with 
an aggregate annual output valued at many millions of dollars, are now 
actively at work on plans for demanding of the next legislature that a 
deciduous fruit experiment station and graduate school of pomology 
be established with an initial appropri«ation of not less than $250,000 in 
order that we may investigate the root-stock question and the many, many 
other fruit questions that are pressing for attention. And we will get 
it, too, if the w^orld war does not actually reduce the state and whole 
country to a condition of abject poverty, for, if there is one thing the 
average Californian likes better than a big proposition, it is a still 
bigger one, the little ones do not interest him at all. 


REPORT OF THE COMMITTEE ON RESEARCH AND 
EXPERIMENTATION. 

By H. J. Webber, Chairman, Citrus Experiment Station, Riverside, Cal. 

The Committee on Research and Experimentation in Horticulture 
have been unable to have a regular meeting together in order to dis¬ 
cuss and submit a joint report, and for this reason it has been thought 
best to submit separate discussions from each member of the committee. 
We are thus submitting as the report of the committee the following 
papers: 

“Suggestions on Research Problems,’^ by Dean R. L. Watts, of 
Pennsylvania State College. 

“Report of the Experimental Work in Floriculture,” by Professor 
A. C. Beal, of Cornell University; and, 

“The Stimulation of Research,” by Doctor II. J, Webber, Director 
of the Citrus Experiment Station, University of California. 


THE STIMULATION OP RESEARCH. 

By H. J. Webber. 

The work of the Committee on Research and Experimentation, it 
appeals to the writer, should be directed; (1) toward extending research; 
(2) toward the introduction of better methods; (3) toward the co¬ 
ordination and systematizing of research work. It is my purpose to 
discuss briefly the first of these headings; namely, extending research. 
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AVhy should we be interested particularly at this time in extending 
our research work, when we are faced by the greatest crisis in our his¬ 
tory, and the world is demanding of us a larger production of food¬ 
stuffs than ever before ? This, it may be replied, is the primary reason 
for more extended investigation. The two ways of increasing our out¬ 
put are: (1) by grooving a larger acreage; and (2) by increasing the 
yield per acre. If we attempt to increase the acreage tilled, without a 
doubt a larger labor supply will be necessary, because the majority of 
farmers in the past have worked about to the limit of endurance and 
can only slightly increase their output with the same force of labor 
available. It seems doubtful whether we can increase the supply of 
farm labor, when several millions of our young men are being taken 
away for army service. It seems more reasonable to the writer to expect 
that our greatest increase in production will come about through the 
use of better scientific methods and more intensive farming of the acre¬ 
age available. As an illustration, the use of more and better manures, 
or the use of better seed, results in a greatly increased yield with the 
expenditure of but little extra labor. 

Up to the present time, the tendency of our agricultural institu¬ 
tions in meeting the war emergency has not been to increase the in¬ 
vestigational work, but to increase greatly what we usually designate as 
extension work. This we shall probably all agree has been a wise action, 
but it is creating a new situation where increased investigational activity 
is greatly needed and will doubtless soon be demanded. 

The demand for increased production has led to a great develop¬ 
ment, under the Food Production Act, of the farm bureau system. A 
farm bureau with a farm agent in every county of every state has be¬ 
come nearly a reality. This is fin agency largely intended to carry 
agricultural education to the farmer on his farm. The farm bureau 
system as I have observed it. is carried on in an intensive way, with the 
agents working at high speed under pressure. The organization cam¬ 
paign stimulates interest and gets the farmer to thinking. He begins 
to realize that there are many things he doesn’t know. He comes to 
the farm bureau meeting for an explanation of his problems. The 
county farm agent, however able a man lie may be, is certain to be con¬ 
fronted with very many questions that he cannot answer—many indeed 
that no expert in any department can answer. To be successful he seeks 
answers for these questions from the specialists of the experiment sta¬ 
tions and the United States Department of Agriculture. But a con¬ 
siderable number of problems put before him cannot be answered with 
any positive information, and he is likely to be led into hazarding a 
guess, which he substitutes for real information. This will react on 
the agent who is likely to blame the research men for not being able 
to give him the desired information. 

A few minutes of study given to the present development of agri¬ 
cultural activity is sufficient to enable the investigator to realize that 
he is facing a crisis. I fear that few of us concerned in agricultural re¬ 
search realize how serious this crisis is. 

The war has led to an intensifying of the demand for scientific 
knowledge related to agriculture. The nation in its crisis has doubled 
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Bnd quadrupled the men who are expected to teach ^ricultural science, 
but this has been at the sacrifice of those charged with the discovery of 
scientific truth. No provision has been made to increase the number 
of agricultural investigators, but if anything the number of investiga¬ 
tors has been decreased. 

It may be claimed that the discovery of new scientific facts regard¬ 
ing agriculture would require too long a period of time to be of service 
during the war. This may or may not be the case, but it in no way 
alters the condition. We are stirring up a treinendouus demand for 
information and providing a tremendous machine for transmitting in¬ 
formation without providing in like measure to secure the information 
to be supplied. To teach, one must have information to impart. It is 
true that we have a large amount of trustworthy scientific knowledge 
regarding agriculture, but in general, agricultural practice is pretty 
well abreast of scientific*- discovery, and this is particularly true in the 
field of horticulture. The county farm agent or farm adviser will 
eertainly assist very greatly in extending the knowledge of scientific 
agriculture, but lie will not be able ordinarily to add anything to our 
body of knowledge. 

The immediate effect of the great extension of the farm bureau 
system will be to detrac't from the public recognition given the agricul¬ 
tural investigator. The public is likely to form the impression that the 
farm bureau and the (county farm agents are the final authorities and 
that what the farmers get from them is all that can be expected. The 
farm agents arc* the “men on the job.'^ They are the ones that hand 
out the information. Of what use is it to maintain a costly experiment 
station, when the men do not seem to do anything, or at least do not 
get around to give* the inforniation they are supposed to have, and 
when they do attempt to give information seem to be* so doubtful about 
it that what they say has no point. 

The investigator is the man who will discover the new agricultural 
principles. That is his business, and he succeeds or fails dependent 
upon whether he has the ability to cliscovt?r new facts and principles, 
and properly correlate them. It is to him that the county farm agents 
and extension agents the country over must look for new methods and 
new principles, the introduction of which will improve agriculture. The 
farm agent may find a plant disease that is doing iruicdi damage in his sec¬ 
tion, but he is not supplied with the facilities to conduct an investigation 
as to the cause and method of treatment of the disease. A new forage 
plant may be introduced into a section, the value of which in feeding, 
should be determined. The fann agent must turn to the investigator to 
conduct the feeding and digestion experiments with the plant. Some in¬ 
tricate problem of fertilization may arise that requires a careful investi¬ 
gation, and only men with the proper training and time at their disposal 
are in position to seek a solution of the problem. Our exact agricultural 
knowledge is still so fragmentary that hosts of problems are every day 
brought to the attention of our agricultural men that cannot be answered 
on the basis of any exact knowledge. These should not be answered by 
guesses. If any one is to do the guessing, it is better that the farmer 
himself should be the one. 
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How are we to succeed in getting this great mass of investigatioiaal 
work that is demanded, done‘i The demand is in no one particular 
branch of agriculture, but (*qually in agronomy, horticulture, animal 
husbandry, and all branches of agriculture. Are the present facilities 
and man power for investigation sufficient to the task? I think this 
question may be answered very emphatically in the negative. The in¬ 
vestigators now employed are ovcrworlced and forced to give atten¬ 
tion to too large a range of problems to accomplish the best results. It 
is the general experience of experiment station workers that necessity 
requires them to give attention to so many problems that the work 
on any one problem, however important, is interinipted and delayed. 

Is there any probability that this condition is likely to be remedied 
in the near future? To this we must also answer, unless some 

new impetus is given to investigation. 

Every year in general has shown an increase in the number of 
students registering for higher degrees in our universities, presum¬ 
ably in preparation for investigational work, but the increase is too slow 
and present funds are too inadequate to provide properly, in view of the 
great expansion of the extension service, for the work. What then is 
the remedy? 

The writ(‘r realizes that he is not in position to formulate policies 
for the country, but he can at least make suggestions, and the following 
are a few thoughts on the subject; 

(1) Investigators and those realizing the necessity for scientifie 
investigation of agricultural problems should use every means to educate 
the public to an understanding of this m^eessity, and of the time it 
takes to condind the necessary experimental work. 

(2) Ev<Ty means should be used to establish and maintain a 
sympathetic relationship between experiment station investigators and 
the extension and farm bureau agents, based on a thorough and mutual 
understanding. The two fields of work are entirely distinct but mutually 
dependent one on the other. J^ossibly the proper sympathy may not 
exist in every case. 

(3) Investigation work requires coiicejitrated attention, and the 
extension and farm bureau service of the various slates should be led 
to appreciate that the greatest service the investigator can achieve 
for the country and for them is the completion in the quickest possible 
time of the investigations leading to the solution of the doubtful prob¬ 
lems confronting agriculture. This can only be done by conserving the 
investigator’s time. We must of course recognize that common sense 
methods should be used here as in all cases. 

(4) As to the possibilities of extending agricultural investigation, 
this can only be done by using increased funds and educating more men 
in the pursuit of scientific investigation. 

(5) A larger force of trained investigators is the most important 
problem before us in the writer’s opinion, and it is his belief that 
greater facilities in the shape of scholarships should be provided for the 
use of young men that desire to fit themselves for investigational work* 

(6) Increai^ efficiency might result from a more careful coordi¬ 
nation of the research work of the various stations. There is some dupli¬ 
cation that might be avoided by a careful comparison of projects. 
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.EEPOET OF THE EXPEEIBIENTAL WOEK IN FLOEICULTUEE. . 

By A. C. Beal, Cornell University, Ithaca, N. Y. 

A survey of the field of investigational work in floriculture will 
reveal the fact that some of the first bulletins of the experiment sta¬ 
tions presented the results of work intended for the benefit of the 
florists; i. e., greenhouse construction and heating, then followed the 
studies of artificial illuminants and their effect upon greenhouse crops, 
nnd finally studies of the effects of anesthetics for shortening the rest 
period in plants. Twenty years ago, the variety tests and the mono¬ 
graphic studies with flowers began. About the same time some fertilizer 
studies were made. Except for some work by Professor Budd of low^a, 
in breeding ornamental i)lants, such as roses, for the severe climate of 
the Northwest, little was done in this field until the selection work on 
violets reported by Dr. Galloway; but more recently some breeding 
work has been done with greenhouse flowers, particularly with carna¬ 
tions. The foregoing indicates the main lines of floricultural work 
hitherto undertaken by the experiment stations. 

The investigations in floriculture fall into at least two groups; first, 
the ones intended to solve problems of interest to those who grow 
flowers in garden or field. Most of these are amateurs, and they are 
often interested in all of the known types and varieties of a plant. How¬ 
ever, some who grow flowers outside grow’ them for sale either as cut 
flow^ers, e. g., asters, sweet peas, etc., or for the bulbs or roots, e. g., 
cannas, or for either flowers or plants, e. g., gladioli, dahlias and 
peonies. 

Somehow, w’e fail usually to think that any plant presents its prob¬ 
lems unless it is grow’ii commercially, forgetting that many more persons 
may be interested in successfully growing a flower even though the 
individual investment is small. If w^e grow' a plant because we love it, 
that makes us no less keen to succeed with it than if w'e grew’ it for 
revenue. Thus in some of our floricultural work, w’e should erase the 
dollar mark and consider the interest of persons in plants as beautiful 
plants. The number of the outdoor annual and herbaceous flowers is 
very great. Their range of climatic and soil adaptation is not per¬ 
fectly known today. Certain species have been improved under the 
conditions existing in Western Europe, and because they are not 
adapted to some portions of the United States, we should not despair 
for often in the same genera may be species from regions more nearly 
similar to ours which, if taken in hand, may be capable of like improve¬ 
ment. At least it cannot be proved either w’ay until it has been tried. 
We should be alert to find conditions favorable for the production of 
any crop which we are annually importing. The man w’ho inaugurates 
a new industry in his state has rendered a worthy service in line with 
principles which we have had borne in upon us very thoroughly during 
the last three or four years. 
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The second group of floricultural investigations include all investi* 
gations carried on under glass. The interest in this work comes from 
the commercial growers, and the horticulturist needs to know some¬ 
thing of the industry these men represent. 

Commerciar floriculture is a highly specialized, intensive business. 
Considerable capital is invested in the establishment, and the expendi¬ 
ture for labor and iuel is very large. The florist must of necessity be 
keenly alive to the demands of the market. Naturally, therefore, the 
successful florist is a keen business man who is very much alive to any 
advance in greenhouse building or methods of heating or refrigeration. 
He annually spends considerable amounts in trying out new varieties 
or appliances, and it should be said that when he tries out a thing he 
does so on a considerable scale. By this, I do not mean to say that he is 
scientific in his methods of testing. In short, the commercial florist 
has facilities in modem up-to-date houses and other equipment such 
as few colleges and experiment stations can approximate. Likewise the 
experimenter may not have the Special training to grow flowers or plants 
as skillfully as the commercial florist. Of course, a florist is more skillful 
in some crops or plants than in others, and not all growers are alike. 
Neither can it be expected that a station florist will be e(iually skillful 
in growing all commercial plants. This skill must obtain, however, 
either in himself or in his gardener, it is my thought that if one is at¬ 
tempting to solve any plant-growing problems for the florist, he should 
grow his plants by an accepted commercial method, if the experimenter 
does not know such a method, he will not get very far in the esteem of 
practical men. What will it avail to carry out a nutrition experiment 
witli 8})ecies of dry plants unless the experimenter at the same time 
practices the usual methods of potting or benching, pinching, train¬ 
ing and supporting the plants? To grow plants by any other method 
or by no method, introduces variable factors which destroy the value 
of the experiment in the eyes of the practical man no less than it does 
th(* scientific man. Possibly tliis is so evident to you that you wonder 
why 1 speak of it; therefore, it may be well to say that 1 have seen such 
grossly impiuper potting of plants that the work looked like that of 
some child, and if attempted while in the employ of a florist would 
be punished by immediate discharge. There comes to mind two cases of 
reputable men, who, when called in by the growers of an important 
flower crop, failed to secure the cooperation of the growers after a 
short time and ultimately failed to solve the difficulties put before them 
largely because they exhibited at the outset a total lack of knowledge 
about growing the crop. The plants which they took over for their 
work were handled by methods so extremely original that the growers 
were at first amazed, then disgusted and finally gave up the hope of re¬ 
ceiving any assistance. A great many greenhouse troubles disappear 
by proper* conditions and sanitation, so when these practical growers 
saw all accepted rules and practices ignored, thereby bringing in all 
the difficulties which they themselves had surmounted, they naturally 
did not want to gain the end by means so vulnerable. It was only a 
natural result that the institution to which these men belonged has 
suffered a loss of respect in that locality. I have brought this up because 
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I see a tendency to belittle the importance of a knowledge of practical 
methods. So far as my observation goes, it is better for the scientific 
man who has not thus prepared iiimself to remain in his laboratory and 
not undertake cooperative or other experiments in the greenhouses of 
practical growers, for it is difficult to find a more critical body of men 
than florists and gardeners. 

Certain tyi)es of experiments are barred at the.outset unless one 
has suitable greenhouse equipment which will give the experimenter as 
near as possible commercial greenhouse conditions. Unless the equip¬ 
ment and skill approximate those of the practical florist, the results 
are not likely to impress him or will not be reliable under his condi¬ 
tions. (To attempt such investigations, tljcrefore, is likely to be wasted 
effort.) This applies particularly to all experiments in which yield is. 
used as a measure or index of the value or effort or a given treatment as 
is usual in experiments with cut-flower crops. For soil and fertilizer 
investigations with these crops, it is rarely possible to carry out a well 
planned experiment in a house less than 20 or 24x100 feet or larger, 
if one plans to include within each plot a reasonable number of plants 
so as to lessen the effect on individual variation. Uheek plots must be 
distributed so that differen<'es of temperature, etc., within the house 
may be checked up. Plants on exposed ends of the benches, as "well as 
plants on side benches, cannot be compared with center benches. Tlie 
heating pipes must he properly distributed to secure as even condi¬ 
tions as possible throughout the house. 

To carry out soil and fertilizer trials with pot plants not so elaborate 
houses ^tre required, provider! the temperature and other conditions 
can be well regulated and the house is adapted to the kind of plant 
grown. Here is an important as well as an inviting field of w^ork. The 
whole fertilizer question is an important one to the florist since he has 
always been a firm believer in barnyard manure. The constantly in¬ 
creasing difficulty of securing this fertilizer with the result that the 
florist and gardener must resort more and more to commercial fertilizers 
about which he knows little as to their use, opens up a wide field of in¬ 
vestigation. When one is growing plants in four or five inches of soil 
under artificial conditions, the applications of easily soluble fertilizers 
cannot be governed by rules formulated upon experience derived from 
the use of the same fertilizers under outdoor conditions. The presence of 
plenty of organic matter appears at least to be imperative. IIow to 
supply the requisite soil conditions and to lay down safe niles as to 
application of the commercial fertilizers,, is a line of work now pressing 
for solution. There are a great many kinds of greenhouse plants so 
that there is work for many men. In fact, more work on this line than 
the men with sufficient skill and equipment can accomplish in many 
years. 

Work for the florist, therefore, will have to be of an advanced 
character. Tt is doubtful if greenhouse‘practices, so far as increased 
production is concerned, can be modified very much. At least fertilizer 
experiments thus far carried on do not point to any marked increase in 
production. 
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Colleges and stations cannot conduct variety tests to determine 
the value of flowers for commercial culture under glass. So many ques¬ 
tions enter into the correct estimate of a new carnation which the college 
man cannot properly weigh, that his opinion is not worth much to the 
practical grower. However, if the number of plants tested were more 
nearly equal to that used by the commercial grower, and if they were 
grown by a competent man under conditions similar to those existing in 
commercial houses, there is no reason why the test should not be as 
valuable, to say the least, as that of the individual grower. Since a 
considerable expense, as well as a large amount of greenhouse space, 
would be involved, this line of work is not likely to receive much atten¬ 
tion, nor is it so very important because it is so well done by the prac¬ 
tical grower. 

Considering another phase of work, you may reply that fertilizer 
tests may also be left with the grower. To some extent this may be true, 
but frequently the deductions of the practical growers are quite erron¬ 
eous. Every wide-awake grower realizes that there is much he would 
like to know that he had not time to find out for himself, even though 
he had the scientific training to carry out such investigations. Because 
the soil used in a greenhouse is a more or less artificial mixture, there 
is an almost unlimited field for fundamental nutrition investigations 
with plants. The ability to control the temperature and humidity of 
the air surrounding the plants, together with the control of moisture 
in the soil, would seem to make tliis line of work not only of very great 
importance to the florist, but also throw light on other nutrition ques¬ 
tions. Carefully planned experiments, preferably with the advice of the 
soil technologist, should, it seems to me, not only answer the questions 
of the practical man, but also yield data which, if properly gathered 
and set forth, would be extremely interesting to the soil and fertilizer 
experts. 

Flowers have been much hybridized so that they do not offer good 
material for breeding experiments to discover underlying principles. 
However, there is a good opportunity for some work if one selects the 
plants that have not been cultivated for so long a time or if he recognizes 
the limitations of the material he is working with. Studies in selection 
are being carried on and doubtless pther valuable work can yet be done. 

The present experimental activities in the floricultural field, as 
they can be judged from the list of projects reported in our proceed¬ 
ings last year, may be clarified under five heads; the experimental.work 
falls into four groups: 

1. Soil and fertilizer experiments with flower crops or plants. 

2. Breeding and selection work. 

3. Monographic studies with flowers including variety studies of 
outdoor flowers. 

4. Scientific investigations with either and the factors influencing 
the keeping qualities of flowers. 

5. Plant adaptation studies for the purpose of establishing new 
industries, e. g., bulb growing on the Pacific Coast, etc. 
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I have tried to point out the importance of good equipment, of 
sound practical knowledge, that it is better to refrain from tests which 
the florist can do much better for himself, and that there is an al¬ 
most unlimited field of work from which, always considering the limita¬ 
tions, a satisfactory choice can be made. 


REPORT OF THE COMMITTEE ON RESEARCH AND 
EXPERIMENTATION. 

By R. L. Watts, Pennsylvania State College^ State Collegey Pa. 

All of the resources of the United States will be required to win 
the war. The food problem becomes more serious every day, and it is 
the duty and privilege of the experiment stations to undertake lines of 
investigation which have a direct bearing upon increased production. 
The burden of the vegetable growers is especially heavy, and we have 
this class of horticulturists in mind in making the following suggestions, 
all of which might be regarded as war emergency propositions: 

(1) The plant food problem is a diffitmlt one for most growers. 
They are in the dark concerning both kinds and amounts of fertilizers 
that should be applied to obtain the largest and most economical yields. 
It is astounding how little systematic work has been done along this line 
by our experiment stations. Numerous simple tests might be cited, but 
dur records for the most part do not show that fertilizer investigations 
with vegetables have been undertaken on a large, comprehensive scale. 
A station worker here and there has probably discovered that certain 
combinations of fertilizers give the best results on certain soil types. 
The fact remains, however, that we know very little concerning the 
actual food requirement of most of our vegetable crops. There is urgent 
need of strong, comprehensive research to determine crop requirements 
rather than the needs of particular soil types, though the latter type 
of work is also necessary. 

(2) Millions of dollars are lost annually in the vegetable gardens 
of the United States because of the ravages of fungous and insect 
enemies. While considerable work has been done relating to the constrol 
of various pests, yet we lack knowledge concerning some of the most 
fundamental matters in this connection. It appears that investigations 
made along these lines for fruit growers have been more thorough and 
extensive. Club root of cabbage and other brassica has been known 
since the earliest days of gardening in this country, and yet we cannot 
point to the results of any experiments which have really solved this 
great problem. Other examples might be cited to indicate the great im¬ 
portance of more research work relating to the control of garden crop 
pests. 

(3) It is astounding how much inferior produce annually finds its 
way to market. Recently, I spent an hour on a typical curb market 
and it is no exaggeration to say that 90 per cent of the vegetables was of 
an inferior class. No doubt improper methods of cultivation and mar* 
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keting h^d a great deal to do with the inferiority of the produce dis¬ 
played for sale, and yet we are confident that much of the trouble was 
due to the use of poorly bred seed. Perhaps this is more of an extension 
proposition than an experimental project. There can be no question, 
however, about the importance of our market gardeners planting better 
seed. The commercial seed growers are accomplishing a great deal in 
improving strains of standard varieties, but if the experiment stations 
can do anything in a practical way to help in this movement, it will 
be exceedingly valuable as a war emergency measure. In other words, 
there should be more practical plant breeding in progress at the experi¬ 
ment stations as well as among intelligent practical growers. 

(4) The supply of meat and livestock products will decrease as the 
war continues. The protein problem looms high these days when meat¬ 
less meals and meatless days are being urged for every home, restaurant 
and hotel. The vegetable growers of the country must do more to in¬ 
crease the supply of protein foods if the meatless campaign is to prove 
successful. Our experiment stations should give careful attention to 
the cultivation of the two important garden legumes, beans and peas. 
Both of these crops offer splendid opportunities for experimentation. 
We ought to know’ more about their fertilizer needs, soil adaptation of 
the different classes, and the best and most economical means of con¬ 
trolling the various pests. 

(5) The experiment stations have made practically no investiga¬ 
tions concerning the efficient utilization of labor. Probably at no time in 
the history of the w'orld has so high a value been placed upon manual 
labor. The large food production program of the government calls for 
the most intelligent and efficient utilization of farm labor. This proposi¬ 
tion affords a fruitful field for study. It is possible that gardening me¬ 
chanics w’ould not appeal to very many of our horticulturists, but there 
is no question about the importance of the work. There is urgent need of 
a wider range of labor-saving tools for vegetable gardening and for more 
definite information on garden management. We hear much these days 
about farm management—which in its broadest sense includes garden 
management—but the w hole problem of the efficient UvSe of labor in pro¬ 
ducing vegetable cro})s deserves the study of scores of horticulturists. It 
is a practical line of investigation which would attract much attention 
and, properly handled, yield results of great value at this critical time. 


REPORT OF OOiraiTTEE ON VARIETY TESTING. 

By J. H. Gourley, Experiment Station, Durham, N. H. 

At the last annual meeting of our society some time was devoted to 
the question of variety testing of the various groups of horticultural 
plants, and splendid papers were presented which showed what has been 
accomplished by this w^ork and outlined the methods employed, and gave 
suggestions as to fonns to be used in making such records with fruits and 
vegetables. From the standpoint of pomology the work reported from 
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the several experimental farms in the Dominion of Canada can long re¬ 
main as a guide and inspiration for others who wish to carry on careful 
work in testing varieties of fruit. 

The discussion which followed these papers brought out a differ¬ 
ence of opinion as to the value and advisability of the variety orchard in 
station and college work. This is a serious problem from an administra¬ 
tive standpoint since funds must be available for such work and in more 
than one quarter it seems almost impossible to undertake extensive var¬ 
iety work owing to the financial element involved. It is well known that 
such work is not looked upon favorably by the OflSce of Experiment Sta¬ 
tions, and hence any considerable fund for the work must come from 
the state or other sources. It therefore behooves us to take the matter up 
in a serious way and canvas the situation to see how the problem can be 
handled. 

Despite criticism from without we still maintain that a knowledge of 
varieties is of utmost importance and that if we maintain and raise the 
standards of fifty years ago we must make an extensive and most pains¬ 
taking study of varietal characteristics and behavior and so record them 
in a standard and systematic manner that the results are available to all 
interested persons. If it is true, and I believe a survey will establish it, 
that we have fewer real amateurs, who formerly did this work, than we 
had a quarter or half century ago, then the task of carrying on this work 
devolves on the professional horticulturists of the country. Further¬ 
more, it is a passion or at least a real pleasure to most pomologists to 
work with and study varieties, so much so that we have often been ac¬ 
cused of showing a weakness in this direction and even that some have 
done little else. But to me it has a great deal of justification and we 
should be judged generously in the matter for I am afraid that if there 
were as many breeds of live stock as there are varieties of apples the ani¬ 
mal husbandmen would also indulge their passion of knowing the breeds 
even to the point of wasting time in the indulgence. Again, we have 
doubtless all had the experience of winning the confidence of orchardists 
more by knowing varieties than by any information we could give them. 
However, aside from this mere recognizing varieties by name, variety 
testing has a much more fundamental and important significance than it 
has ever had before and we are glad to report that the investigation made 
brings this out most fully. 

In order to learn the present status of variety testing in the country 
an effort has been made to get in touch with the ideas of ^1 men working 
in this field. The present report does not deal with methods to be em¬ 
ployed in testing varieties of fruit, nor has any attempt been made to 
bring together and standardize forms to be used in variety testing al¬ 
though such information would doubtless be of value to our members. 
But the principal objects in the minds of the committees have been to 
learn the policy of the several experiment stations and colleges on this 
matter and get the views held by the horticulturists in charge; also to 
try and locate any variety orchards of special merit owned or controlled 
by amateurs, commercial orchardists or nurserymen in order to list them 
for the possible benefit of our members. 
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With these objects in view the following letter was sent out with a 
questionnaire enclosed, to each experiment station and agricultural col¬ 
lege in the United States rad to our members in Canada. The prompt 
and full response which this questionnaire has met is encouraging to the 
committee rad indicates a lively interest rather than lethargy in regard 
to this matter. 

“Dear Sir; 

'‘The problems of maintaining a variety orchard at the experiment 
stations and colleges is one of considerable difficulty in many places. 
Such an orchard involves considerable overhead expense and is often not 
well adapted to carrying on other experiments so that funds are not 
available for the work. Since there is a growing spirit of closer relation¬ 
ship between institutions it would seem well to have available a list of 
places where variety orchards are maintained and thus give sister insti¬ 
tutions, especially neighboring institutions, the benefit of the knowledge 
of variety behavior in any given region. 

"With this idea in mind the following questionnaire is prepared in 
the hope of placing in available form information which will be of ines¬ 
timable value to all horticulturists within the range of our society. It 
will, of course, be understood that the policy of the institution in regard 
to variety testing may not necessarily represent the wishes of the horti¬ 
culturists in charge, but rather be due to available funds.” 

Perhaps the most concise way to present the findings of this com¬ 
mittee would be to take up the questionnaire and report a summary of 
the answers obtained from the members of the society and from others on 
this matter of the status of variety testing in this country at the present 
time. Occasionally, the answer to one or more of the questions from a 
report does not appear in the tabulation because it was not possible to 
determine the exact feeling of the individual on that particular question 
or questions or else no reply was given. In most eases, however, the 
answers were clear and contained the information sought. 


Questionnaire. 

1. Approximately how many varieties of the various kinds of fruit 
do you grow ? 

The replies indicated that most stations and colleges are well sup¬ 
plied with this kind of material. In case of the large figures reported it 
indicates that a large number of seedlings are included. 

The replies as tabulated bring out the following facts: 

Station or College of Varieties 

5 report I^^ss than 50 


3 

5 

4 
7 

3 

6 

4 
4 
1 


50— 100 
100_ 150 
150— 200 
200— 300 
300— 400 
400— 500 
500—1000 
2000—3000 
3000—4000 
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Of these total varieties of fruits the preponderance was: 

Apples in 29 cases or 64 per cent. 

Peaches 6 '' 

Pears 4 ' ‘ 

Grapes 8 ‘' 

Plums 1 “ 

Persimmons] 

Citrus 1 ‘‘ 

Nuts not indicated. 


2. In what fruits are you especially interested ? 

This question indicates a greater variety of interest at the present 
time than would be interpreted from the above figures and brought out 
the following replies: 


Nxmher 
15 
7 
4 
3 
2 
2 

1 each of the following 


Greatest Interest In 
Apples and peaches 
Apples 

Apples and plums 
Citrus 
Pears 

Apple and small fruits 
Apple and grapes; apple and 
pears; peach; peach and small fruits; grapes; 
nuts; peach; grapes; persimmons. 


3. Is it the policy of your institution to maintain a large collection 
of varieties of the tree fruits for variety testing? 

This question brought out replies that indicated very clearly a visi- 
sion of policy on the main question involved since the vote was a draw. 

Yes No Indefinite 

21 20 2 


From an examination of the projects listed in our last annual report 
it showed about 60 per cent of the stations were carrying on one or more 
projects on variety testing which is in about the proportion indicated by 
replies to this questionnaini. 

4. Do you contemplate extending the plantings of varieties in the 
near future ? 

To this question 30 report that they expect to increase plantings in 
a moderate way and 6 in an extensive way, while others have recently 
planted extensive orchards. Some reported that formerly they had 
planted extensive variety orchards and are now systematically reducing 
them. 

5. Do you think every college or station should maintain a large 
collection of varieties and why ? 

While this question would appear to be a repetition of Question 3, it 
was designed to draw out the opinions of the horticulturists in charge 
at the present time whose judgment may differ from the policy which is 
or has been followed by the institution. The answers to this question are 
perhaps as full of interest and express stronger personal feeling than 
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any other in the list and as might be predicted from the replies to ques¬ 
tion 3 the vote is again a tie, 18 voting yes with much emphasis and 19 
voting no, after having apparently given it equal consideration. Those 
voting in favor of it gave as their reasons that it greatly aided instruc¬ 
tional work and most of them had in mind a careful study of variety be¬ 
havior in order to make clear what material to use in hybridizing to im¬ 
prove varieties or for some other reason relating to research work. The 
extent to which variety orchards are used for the latter is illuminating. 
Of those of contrary opinion 6 stated that it was too expensive for the 
benefits derived, 3 thought that the usefulness of such an orchard was 
doubtful owing to the lack of uniform behavior of varieties throughout 
a region, especially in Western states this feeling was strong. Two 
seemed to think it represented useless duplication while 8 thought it was 
much better to keep in close touch with successful growers throughout 
the region in which the institution is located. They would plan to have 
varieties sent in by the growers for instructional work as well as for 
other purposes and thus obviate the necessity of such an orchard. How¬ 
ever, in regard to this matter two make the pertinent suggestion that re¬ 
ports from growers are of doubtful value because they may report on a 
variety which is not true to name and would therefore have to be checked 
up before any record of behavior could be accepted. Professor W. J. 
Green, of Ohio, makes the following pertinent remark in regard to the 
matter: ‘^The point I take is that no study or comparison of varieties 
is of any value unless it is known positively that the varieties are correct¬ 
ly named. Furthermore, if one connected with a college or station de¬ 
sires to study varieties he must have an orchard under his supervision, 
and (dose at hand, so that he can assure himself b(»yond a doubt that 
errors of nomenclature do not exist.Wisconsin and Indiana report 
that the state horticultural societies in those states have taken over this 
matter, and West Virginia has made definite arrangements with orchard- 
ists for this work. 

It is well worth including in the report several quotations from the 
letters in order to give the fullest idea of the members in regard to the 
general policy. 

'‘I find that to know varieties thoroughly is the best possible intro¬ 
duction one could have to fruit men generally, whether amateurs or ex¬ 
perts. Not to know varieti(‘s is to fall down. I find also that students 
are always interested in varieties, and that a good collection of varieties 
is a very great help in teaching. Besides all this, I strongly approve of 
variety testing because I believe that outside of the human element, the 
most important single factor making for success in commercial fruit 
growing is that of VARIETY. In my opinion a pomologist has got to 
know varieties, and to be able to disemss intelligently the value of each 
one and its range of adaptation throughout his province or state.'’ 

“Personally,! think much has been wasted with variety orchards. 
On the other hand, collections of varieties that show the different species 
and the important varieties for different sections are, of course, essential 
for satisfactory work in systematic pomology.” 

“I am of the opinion that climatic and soil conditions vary so much 
in the western states that it will be almost necessary for each state to 
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have a varietal test plat. We find in Nebraska, for instance, that our 
rainfall varies 50 to 75 per cent, and the altitude ranges from 1200 to 
1300 feet in the eastern section to approximately 5000 feet in the west¬ 
ern part of the state. Our soil conditions also vary from loess loam in the 
eastern section to extremely sandy soils in the central and western sec¬ 
tions. We even feel that we should have test plats in the different parts 
of our own state.” 

‘‘Personally, I can hardly say that I believe it worth while to at¬ 
tempt to maintain large variety test plots from a standpoint of the col¬ 
lege. In the first place, in any one community there is not a large num¬ 
ber of varieties that will grow to perfection. For class work dt would 
seem almost better to depend on gatliering in collections from various 
localities where particular varieties are grown in a commercial way.” 

“The trying out of new varieties must naturally be a part of the 
station work but the maintenance of an orchard where the attempt is 
made to grow a very large number of varieties that are already well 
understood or else have little commercial value, involves an expense al¬ 
together out of proportion to the benefits derived, at least it would seem 
so to me.” 

“In the case of a station which is surrounded by many extensive 
orchards with a fair collection of varieties, the variety test orchard 
would probably be of minor importance, but even in this case I believe 
such an orchard would be of very considerable value. In the case of sta¬ 
tions which have available land suited to orcharding and wdiere the sta¬ 
tion, as in our case, has few" available orchards conveniently located 
for such studies, 1 believe that a rather large collection may profitably 
be maintained.” 

6. How many trees of a kind do you plant in testing varieties? 

More report that they use two than any other numW, how^ever, 

there were 12 different combinations of numbers reported, but 32 out of 
37 report numbers ranging from 1 to 5. Several indicated that it de¬ 
pended on the kinds of fruit in question, and others that they used 2 for 
first indications and for promising sorts they at once extended the num¬ 
ber to 10 or more. 

7. Do you use any special means of bringing the trees into early 
bearing? 

The replies were a unit that they always preferred to use no such 
means, but several state that it w-as often convenient or necessary to do 
some top grafting in order to save space or get early fruiting. Others 
occasionally use dwarfing stock, or ring for the same purpose. 

8. Do you have any seedlings or crosses of merit ? 

To this question 14 reported yes, 19 no, and 7 reported that the 
merits of their seedlings had not yet been determined. 

9. Do you know of any extensive variety orchards owned by ama- 
teurs, nurserymen, commercial orchardists or others w^hich should be 
listed by our Society for reference purposes? 

The results of this question were somewhat disappointing for, al¬ 
though a rather long list of names are reported, yet it has not brought out 
as many distinctive orchards of the amateur class as had been expected. 
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However, 68 names were suggested which will be further examined and 
reported at a later date. 

After working over the reports which have been received it seemed 
wise to separate them into groups depending upon the idea which seemed 
to be dominant in the mind of the writer. Some could readily be tabu¬ 
lated and appear in the general resume of results while others seem to 
warrant quoting under certain questions, but mostly under question & 
which is the crux of the whole matter. Others, however, are of a gen¬ 
eral nature, bearing on the experience and judgment of those who have 
been working at this matter for a period of years and whose advice and 
counsel could well be presented apart from the detailed questions. 

Professor S. A. Beach (Iowa) writes as follows: 

have found in my experience as a horticulturist, that in carry¬ 
ing forward the pomology work under the circumstances as they existed 
at Geneva and also as they exist here at Ames, that it is a valuable asset 
to have at hand a living collection of the more important pomological var¬ 
ieties which can be grown at the station. Such a collection is of great 
assistance in keeping the constantly changing staff personnel somewhat 
acquainted with the behavior of the pomological varieties in the region 
where they are, for the time being, helping to serve. It seems to educate 
them and make them of much more efficient service to the experiment 
station, extension and college departments than they could otherwise be. 
Pomology has to do with the application of science to the art of fruit 
growing. The pomologist, therefore, needs to come in as close contact 
as possible with the problems wdiich confront the fruit grower. It is 
granted that the testing of varieties is not the most important of these 
problems. Nevertheless, there is a continual demand on the part of the 
public for infonriation regarding varieties and their behavior uilder 
various conditions and for their identification. A large percentage of 
the professional workers in pomology throughout the country are men 
under 30 years of age and a considerable number of them are less than 
25 years of age. Very many of them have not had opportunity to get a 
personal acquaintance with the pomological varieties with which they are 
concerned and in which their constituency are interested. I regard, 
therefore, the question of maintaining a collection of pomological varie¬ 
ties at the station as of more importance than simply its bearing upon the 
proposition of carrying forward an experiment station project in variety 
testing.” 

As to the object or purpose of testing fruits at the various stations, 
we refer the reader to Bulletin 427, New York Experiment Station, by 
Dr. IT. P, Hedrick. 

The Ohio Experiment Station has been working on this matter of 
studying varieties for twenty-five years and I quote the comments of 
Professor W. J. Green (Ohio) in this connection: 

'*The last word has not been said on variety testing and may not 
be for some time. As a rule it is not worth while to spend much, if any, 
time to see which varieties do best in a given locality. The study of 
variety characteristics is worth while if well done. It is a basis for plant 
breeding. It makes a difference, however, how the work is done, , no mat¬ 
ter what the purpose. A beginner can do nothing of value, no one should 
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ever make a report on varieties until he has had several seasons^ exper¬ 
ience and some never can become adepts at the work because it requires 
a trained judgment to draw (?onclusions that are safe. In fact it is 
largely a matter of judgment If a college or station has a man who has 
a passion for variety improvement and also has other requisite qualities 
he can use a variety orchard to good advantage, even though it is 'not in 
good fruit country. So. too. a man who loves to study varieties may make 
a variety orchard very useful. Variety studies are sometimes said to be 
less useful than formerly. This is true if a mere report upon behavior is 
meant. But such studies are more needed now by plant breeders; then^ 
too, an instructor must know the varieties of fruit about which he in¬ 
structs and he needs an orchard of varieties. He would be lame witliout 
such an orchard. A good orchard adds greatly to the prestige of the 
department and of the institution as a whole.” 

Dr. J. Whitten (Missouri) has made some interesting conclusions 
in regard to the matter and gives support to the contention that variety 
testing has yielded valuable material to the horticulturists. He writes 
as follows: 

^‘When T came to this institution twenty-four years ago we began 
testing out quite largely a good many types and varieties of fruit. It 
seemed nec'essary then as fruit growing had a great impetus and large 
areas were being deve]op(»d. 

‘‘f^erhaps a more important purpose, however, was to get a knowl¬ 
edge of types and species and their weak or strong points in adaptability 
in this region. This information has served us in teaching, in investiga¬ 
ting and in selecting types for crossing in our fruit breeding w'ork. 

‘^In recent years we have been reducing greatly this variety collec¬ 
tion. We are trying to retain a few representatives of the leading species 
and types for systematic pomological study. We are also retaining var¬ 
ieties which have a purpose in our plant breeding. 

‘4 am not much of a believer in variety testing just for the sake of 
observing simply what varieties yield Ix^st. 1 think that can better be 
found out by observing widely the commercial orchards in the state. 
Even the newer varieties are usually planted out in most of our soil 
formations on a cominercial scale by somebody. T do believe, however, 
that a reasonable variety collection may be very important in studying 
the suitability of definite types of research problems and to teaching 
fundamental principles. ’ ’ 

Professor ('. 1. Lewis (Oregon) gives his views as they relate to his 
western conditions and shows the extensive and intensive use to which 
variety testing can be put and the necessity of such work as a basis for 
certain fundamental pieces of research. Quoting his letter in part he 
says: 

‘‘As to whether or not an institution should have a large collection 
and should attempt to extend such a collection, it would depend, it seems 
to me, upon local conditions and objects in view. Our orchards are divid¬ 
ed into two classes; namely, teaching orchards and experimental or¬ 
chards. In the teaching orchards we would take, for example, perhaps a 
five to ten acre block of apples, three to five acres of wliieh would be 
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planted to three or four commercial varieties which would be used for 
laboratorj^ work, and the remaining acreage would be planted to about 
300 varieties to lie used in systematic pomology. Thus we enable the 
student not only to become familiar with the leading commercial apples 
produced in the United States, but will also enable him to become famil¬ 
iar with the habits of growth of the trees; and it is really essential to 
move such collections to teach pruning to the best advantage, so that the 
students may become thoroughly familiar with fruiting habits, and with 
the adaptation of the principles of pruning to various habits. 

‘‘In our experimental plots, we have a number of varieties for 
pruning investigations, pollination investigations, etc., but we are also 
doing a-lot of work in horticulturai products; that is, working out the 
canning values, evaporating values, fruit juice values, etc., of tlie various 
varieties. As this is a rapidly growing industry with us, such work is very 
necessary. We try also to introduce, from time to time, the new varieties 
and strains of fruits which the nurserymen are oifering that we may be 
in a position to tell our fruit growers how these varieties compare with 
our present standard varieties/’ Extension work with the pear is also 
being carried forward in Oregon. 

Professor d. E. (^oit ((’alifoniia) discusses the problem from the 
standpoint of citrus and semi-tropical fruits as it exists in (’alifornia, 
and I ipiote at some length from his letter: 

“Taking up the question of varietic^s with the different fruits I will 
say that in regard to citrus fruits there is little need for any study of 
varieties because tlic history of the industry in California has been to 
eliminate rather than to add varieties. We are concentrating our entire 
energy on the Washington Navel and Valencia orangt*s, the Eureka and 
Lisbon lemons, and the Marsh pomelo. What we need IkS an improvement 
of our present varieties rather than new varieties. In eounoctioh with 
the new and rapidly expanding date industry of the Southwest, I will 
say that the question of variety collections is almost altogether in the 
hands of the United States Office of Seed and of Plant Introduction. 
The best collection exists in the co-operative date gardens at Tempe, 
Arizona, which is operated jointly by the Arizona Experiment Station 
and the Office of Seed and I'lant Intro<lucti()n. Small collections of 
varieties may also be found at the government date gardens at Mecca 
and Indio, California. Extensive collections and plantations of seedlings 
are now coming into fruiting throughout the arid Southw'est. 

“In connection with the avocado, I may say that the industry is just 
now in a vigorous boom, and is expanding with marked rapidity. The 
California Avocado Association has a committee on varieties which is 
working almost continuously and publishing lists and descriptions from 
time to time. Inasmuch as none of the branch experinunit stations are 
located in what may be called suitable and satisfactory climatic regions 
for the avocado, it is unlikely that these stations will attempt, within a 
few years at any rate, to establish any large collection of varieties. Any 
seedling of any value is quickly located, and a careful study made on the 
ground by members of the Association committee. 

“In regard to figs, tlie University 25 years ago planted several col¬ 
lections of varieties. These have all been abandoned. At the present 
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time Professor Condit of this division is making a rather exhaustive 
study of fig varieties. He is using mainly the two large collections—one 
of Mr. J. L. Nickel, of Menlo Park, California, consisting of more than 
100 varieties, the other the government collection at the Seed and Plant 
Introduction Gardens at Chico, California, where there are some 80 va¬ 
rieties of figs in bearing. 

‘^In regard to the olive, variety studies carried on many years ago 
eliminated a very large list of imported European varieties, and nar¬ 
rowed them down to 6 or 8, of which only 3 or 4 are grown commercially 
at the present time. Apparently there is no need for any systematic 
study of the varieties of olives. Perhaps Mr. George Roeding, of Fresno, 
has as large a collection of olive varieties as anyone in the state. 

‘*In regard to the semi-tropical fruits of lesser importance, I may 
say that the following two men have the best collections that I know of; 
Mr. C. P. Taft, Orange, California, especially good for loquats, Japanese 
persimmons, guavas, avocados, feijoas, and carisas. Mr. P. 0. Popenoe, 
West India Gardens, Altadena, California, especially good for dates, 
avoeadoes, feijoas, passifloras, and the more tropical things' such as 
mangoes, et cetera.’’ 


General Conclusions. 

In general the institutions are pretty well supplied with variety ma¬ 
terial, the apple leading all other fruits in these plantings. Peaches, 
pears and grapes are receiving much consideration in some places. Ex¬ 
tensive work in originating new varieties is going on in several places. 

While conditions vary at institutions and probably always will, there 
is a general feeling that at least the more prominent varieties for the 
region should be grown at each station and college, and representatives 
of the various original stocks should be maintained for instructional 
purposes. Where there is a strong tendency to extend variety orchards 
it is usually with the idea of providing material for fundamental re¬ 
search or for one of several new fields which are developing. The in¬ 
quiry also explains why in many places there is good reason for not main¬ 
taining extensive variety orchards and therefore justifies the assumption 
that at least within limits one institution can well make free use of an¬ 
other in this regard and then check up on the information in the orchards 
of growers throughout the state. 


BEPOET QF THE COMMITTEE ON EOOBE CABBS FOB VEOETABLB8. 

By W. W. Tbacy, Sr., Chairman, Department of Agriculture, 
Washirigton, D, C. 

It would seem as though the more complete and distinct as to varietal 
characters a scale of points is, the more helpful it will be, but in practice 
it is found that generally and especially when each exhibit is made up of 
a number of specimens, the judges’ decision is based on general impres- 
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sions rather than on a study of individual characteristics. Your com¬ 
mittee has therefore thought it wise to recommend that in the case of 
single varieties, a uniform maximum allowing of 35 points of a possible 
100 be given to varietal character and labeling, and the remaining 65 
points to display and quality of the exhibit; and in the case of collec¬ 
tions, 30 points be allowed to varietal character and labeling, and 70 
points for display and quality, and suggest that the Society recommend 
that these official allowances be printed on all labels of exhibits, as fol¬ 
lows : 

Single Variety: Possible 35 points allowed for Varietal Character 
Character and (’orreet Labeling; 70 points for Display and Quality. 

Collection of Varieties; Possible 30 points allowed for Varietal 
Character and Correct Labeling; 70 points for Display and Quality. 

As a guide to judges and in the hope of securing greater uniformity 
in aw'ards we submit a table of relative values of different characters for 
each vegetable, with the suggestion that it be adopted as official and that 
it be as generally distributed as practicable. 

.A few' sample score cards for vegetables are given herewith and 
copies of the complete list will be sent to the members for criticism and 
revision; 



Beet. 


Single Variety. 


Collection of Varietieii. 


Condition of exhibit. 

.. 15 

Nutnber of varieties shown... 

. 20 

Correct varietal character... 

.. 25 

('Ondition of exhibit. 

. 20 

Labeling?... 

.. 10 

Correct varietal forms. 

. 20 

Uniformity of sample. 

.. 10 

Labeling. 

. 10 

Outer color. 

.. 10 

Outer color... 

. 10 

Flesh color and tenderness... 

.. 10 

Smoothness of surface. 

. 10 

Freedom from side roots.... 

.. 10 

Freedom from side roots. 

. 10 

Smoothness of surface. 

.. 10 




Cabbage. 


Single Variety. 


Collrciion of Varieties. 


Condition of exhibit. 

.. 15 

Number of varieties shown.... 

. 20 

Correct varietal character... 

.. 25 

Condition of exhibit. 

. 20 

Labeling. 

.. 10 

Correct varietal form. 

. 20 

Size of head. 

.. 20 

Labeling . 

. 10 

Solidity. 

.. 10 

Size of heads. 

. 10 

Crispness. 

.. 10 

Solidity. 

. 10 

Color. 

..10 

Color. 

. 10 


Potato. 


Single Variety. 


Collection of VarieMes. 

. 15 

Conditions of exhibit. 

.. 15 

Number of varieties shown... 

Correct varietal character... 

.. 25 

Condition of exhibit. 

. 15 

Labeling. 

.. 10 

Correct varietal forms. 

. 20 

Size. 

.. 10 

Labeling . 

. lb 

Freedom from blemish. 

.. 10 

Size . 

. 10 

Character of skin. 

.. 10 

Freedom from blemish. 

. 10 

Form and color of eyes. 

.. 10 

Character of skin. 

. 10 

Character of flesh. 

.. 10 

Character of flesh. 

. 10 













































180 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE. 


Tomato. 


Single Variety, 


Collection of Varieties. 


Condition and display. 

.. 15 

Number of varieties showm_ 

20 

Correct varietal character... 

.. 25 

Condition and display. 

20 

Labeling . 

.. 10 

Correct varietal forms. 

20 

Freedom from blemish. 

.. 10 

Labeling. 

10 

Flesh solidity. 

.. 10 

Varietal uniformity of sample. 

10 

Flesh color. 

.. 10 

Color.:. 

10 

Flesh flavor. 

.. 10 

Solidity . 

10 

Even ripening. 

.. 10 



THE EFFECT OF SOIL CONDITIONS 

ON THE NITROGEN CONTENT OF 


THE HEAD LETTUCE PLANT.* 


By H. a. Noyes and C. B. Sayre, Purdue University^ Lafayette Ind, 

Intensive horticultural greenhouse crops are grown by specialists. 
There are things in their growing that are not ai)parent to the average 
agriculturist. The proc^edure usually followed by successful greenhouse 
men in handling soil is to select a soil, compost it with manure for some 
time and place it in the greenhouse. In the greenhouse it is manured and 
fertilized heavily for each crop grown upon it. Tin* result of experience 
are that soils heavily fertilized in this way can not be depended upon to 
produce successful crops after the first two years {because of results of 
over-fertilization) and the soil is removed and a new start made. 

Head lettuce is admitted to be. one of the hardest crops to grow in 
the greenhouse. Tn addition to proper heat, light and ventilation the 
physical condition of the soil and the fertilization practiced are recog¬ 
nized as important. The results reported upon here were obtained in a 
preliminary experiment where an attempt w'as made to get outside those 
physical and chemical factors of the soil which determine the successful 
production of head lettuce in the greenhouse. 

Soils Used and Treatment Given. 

The soils used were: 

1. Bank sand containing very little available plant food. 

2. A mixture of bank sand and manure containing three bushels of 
sand to two bushels of manure. 

3. A brown silt loam soil of more than average fertility. 

The fertilizing materials used were: Partially rotted manure, 16 
per cent acid phosphate, nitrate of soda and muriate of potash. 

The plots include the following different fertilizations; 

*Thifi paper wae read at the 1916 meeting, hut the manuscript was not furnished for 
the 1916 report.. 
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Table I. 

— Nothing. 

P. 400 pounds of acid phosphate. 

Ng, P 133 pounds nitrate of soda, 400 pounds acid phosphate. 

N, P 3 400 pounds nitrate of soda, 133 pounds of acid phosphate. 

Ng, P.K. 133 pounds of nitrate of soda, 400 pounds acid phosphate, 
200 pounds of muriate of potash. 

N. K. 400 pounds nitrate of soda, 200 pounds of muriate of pot¬ 
ash. 

N. 400 pounds of nitrate of soda. 

M. NgP. 20 tons manure, 133 pounds nitrate of soda, 400 pounds 
acid phosphate. 

M. 20 tons of manure. 

The treatments given in Table I were run on the silt loam (in Series 
A and B), further a series receiving one half these fertilizers treatments 
(C) was also run on the silt loam. 

Two series of plots were conducted on the bank sand, one receiving 
the regular treatments given in Table 1 (D) while the other received 
these treatments doubled (H) (no manure plots were in H). 

On the sand and manure mixture three sets of plots corresponding 
to those on the soil were run. Series E and F were duplicates with the 
fertilizer treatments given in Table I, while G received one half the treat¬ 
ments given in the table. (No manure plots were run on the sand and 
manure mixtures.) 

Variety of Lettuce Used and Crop Results. 

The variety of head lettuce grown was “May King.^^ The plants 
were grown in flats and transferred to the greenhouse plots when about 
three inches in diameter. 

The greenhouse was run under the temperatures considered favor¬ 
able for liead lettuce, and the crop harvested ten weeks after setting in 
the greenhouse when it appeared that the plants liad headed as much as 
they would under the conditions of soil treatment given. The average 
weights of the plants grown on the different series are given in Table II. 

Table II. 

Series A & B without manure plots, 121 grams. Manure plots averaged 
155 grams. 

Series without manure plots, 87 grams. Manure plot averaged 111 
grams. 

Series I) without manure plots, 63 grams. Manure plot averaged 86 
grams. 

Series H, 66 grams. 

Series E and P. 73 grams. 

Series G. 55 grams. 

The full data from which Table II was drawn shows that the weight 
of lettuce produced due to the addition of chemical fertilizers was small. 
On the sand and also on the soil series the manured plots showed good 
increases, but there was evidently more manure in the sand and manui^ 
mixture than was either beneficial to growth or amendable by the ferti¬ 
lizer salts added. 
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Nitrogen Content op Plant. 

It was desired to ascertain just how the fertilization had affected the 
composition of the plants grown. The soils used varied so in organic 
matter and nitrogen content that the nitrogen content of the plants 
grown on the different soils and under the different treatments was de¬ 
termined. The result of these determinations based on the air-dry plants 
appear in Table 111. 

TABLE III. 


Per Cent Nitrogen in Air-Dry Head Lettuce Plants. 



1 

Silt ‘ 
Loam 
Per cent 

Bank 
Sand 1 
Per cent) 

i 

Sand and 
Manure 
Mixture 
Per cent 

Oher.k . 

3.73 

2.40 

3.68 

200 AnifI Phosphatp. 

3.34 

400 lbs Ap.iil Phosphatft . 

3.50 • 

1.72 

3.59 

ftOO ]bs A<*iO Phosphatfi.. 

1.51 

67 Iba. NaNO , 200 lbs. Acid Phosphate. 

2.73 


HSI-J IbSn NaNO , 400 lbs, Ar*,ifi Phosphate. 

3.77 ’ 

2.17 

3.65 

267 lbs, NflNO , 800 lbs, Aeid Phos])hate. 

1.93 

200 lbs NaNO ^ 67 lbs, Aeid Phosphate. 

3.90 


400 lbs. NaNO*, lbs. Acid Phosphate. 

4.12 

1.65 

3.66 

800 lbs. NaNO*\ 267 lbs. Acid Phosphate. 

2.32 

67 lbs. NaNO ,^200 lbs. Acid Phos. 100 lbs. KOI... 

2.90 


133 lbs. NaNOy, 400 lbs. Acid Phos. 200 lbs. KOL. 
267 lbs, NaNOg, 800 lbs. Acid Phos. 400 lbs. KOI.. 
200 lbs. NaNO , 100 lbs. KOI. 

3.78 

2.25 

2.48 

3.58 

3.60 


400 lbs. NaNO'\ 200 lbs. KOI. 

3.83 

2.17 

3.61 

800 lbs. NaNO‘^, 400 lbs. KCl. 

2.45 

200 lbs. NaNO^,. 

3.16 


400 lbs. NaNO^,. 

3.46 

2.60 ! 

3.27 

800 lbs. NaNO .. 

2.73 

10 Tons Manure, 67 lbs. NaNO , 200 Acid Phos..,. 

3.65 


20 Tons Manure, 133 lbs. NaNO , 400 Acid Phos.,. 

3.75 

2.09 


10 Tons Manure.1 

3.37 


20 Tons Manure . 

3.85 

2.39 


Average .*. 

3.56 

2.19 

3.58 

Variation .. 

1.39 

1.22 

0.41 

Average for same fertilization. 

3.75 

2.16 

i 

1 

3.58 

NaNO„ = sodium nitrate. 

KCl 5= muriate of potash. 


Some of the points brought out in the table are: 

1. In the soil series phosphorus decreased the nitrogen content of 
the plant. The addition of a little nitrogen to the phosphorus raised the 
percent of nitrogen, but not up to that in the check plants. More nitro- 
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gen and less phosphorus raised the nitrogen content to 0.25 percent above 
the check. The above indicates that nitrogen promoted leafy growUi 
while phosphorus tended to hasten maturity. 

2. The manure plots in the soil and the bank sand series gave plants 
analyzing about the same in nitrogen as the cheek plots. This indicates 
that both the silt loam and the bank sand were well balanced in the 
amount of plant food they contained. 

3. Halving the fertilizer treatments on the silt loam and doubling 
them on the bank sand confirmed the phosphorus effects connected with 
l&ll. 

4. The sand and manure mixture series were much more constant 
in their nitrogen content due to excessive amounts of manure applied. 

5. The variation between the average nitrogen content of the plants 
grown on the silt loam with regular fertilization and those grown on the 
bank sand was 1.59 per cent nitrogen. 

6 . The highest nitrogen content, 4.12 per cent was found in plants 
grown on the silt loam with 400 pounds sodium nitrate and 133 pounds 
acid phosphate per acre. 

7. The lowest nitrogen content, 1.51 per cent was found in plants 
grown in bank sand with 800 pounds acid phosphate per acre. 

This maximum variation in nitrogen content obtained was 2.61 per 
cent based on the air-dry plants. This is equivalent to 16,31 per cent 
protein using the usual feed factor 6.25. Figuring back to the wet basis 
the maximum variation in the protein content of the lettuce plants as 
harvested was 1.63 per cent protein (which is more than one-half the 
protein content of milk. 

Summary. 

The nitrogen content of the head lettuce plant can be modified by the 
fertility of the soil and the relative fertility of the three soils used de¬ 
termined the effects of fertilization on the nitrogen content of the plants 
grown. 

The usual phosphorus and nitrogen effects were confirmed, phos¬ 
phorus hastening maturity and nitrogen promoting leafy growth. 

Fertilization affected the composition of the plants more than was 
expected which is confirmatory of the statement made at the outset, 
namely, intensive greenhouse crops are successfully grown under exact 
physical and chemical conditions, which need to be intensively investi¬ 
gated. 

LINES OF WOBE OONDTTCTED BT OUE UEISBEBS. 

(Note: This list is incomplete because some of the members did not 
reply to the Secretary’s letter asking for the desired information. A 
letter was sent to every State in the Union.) 
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DOMINION OF CANADA. 

Central Experimental Farm, Ottawa, 

Same list as last year. 

Experiment Station, KentvillCf N. S, 

Variety tests ot* apples, pears, stone fruits and small fruits. Orchard 
fertilization. 

Close vs. wide planting of trees. 

Home-grown vs. imported trees. 

Spraying experiments in orchards. 

Agricitltural College, Guelph, 


Pollination studies. 

Inheritance of size and vigor in horticultural plants. 

Demonstration of summer pruning of Northern Spy; top-grafting Ben 
Davis to better varieties; root pruning to hasten fruiting. 

Ontario Horticultural Experiment Station, Vhiclaud Station, 

Variety tests of 164 varieties apples, 81 pears, 6 quinces, 190 peaches, 10 
apricots, 3 nectarines, 159 plums, 93 cherries, 163 grapes, 33 cur¬ 
rants, 31 gooseberries, 83 strawberries, 3 raspberries, and blackber¬ 
ries and dewberries. 

Fall vs. spring plowing of various orchard cover crops. 

Six systems of orchard cultivation. 

Winter vs. sumiruT vs. non-pruning of apples. 

The effect of crown gall on apple trees. 

Dwarf vs. standard pear trees. 

Spring and fall planting in dynamited and dug holes of pears and plums. 

Degree of self-fertility of commercial pear varieties. 

Extended test of leading commercial varieties of grapes. 

Comparative test of various grape pruning systems. 

Correlation between number of buds left and vigor, productiveness and 
longevity of grape vines. 

Self-fertility tests of leading varieties of grapes. 

Value of certain self-fertile varieties as pollenizers for splf-sterile var¬ 
ieties of grapes. 

Grape seed germination experiments. 

Determination of sugar and acid content of commercial varieties of 
grapes at various stages of maturity. 

Irrigation of strawberries and raspberries. 

Improvement of strawberries by runner selection. 

Test of various varieties of strawberries for jam making. 

Variety test of 11 varieties asparagus. 
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Irrigation and fertiliicer experiments with asparagus, onions, carrots, 
celery, early beets. 

Northern vs. southern grown potatoes as seed tubers. 

Hill selections of potatoes. 

Improvement by seed selection of beets, carrots, celery, melons, onions, 
peas, rhubarb, tomatoes. 

Commercial vegetable seed production. 

Soil temperature determinations under irrigation.* 

Plant breeding of apples, pears, plums, peaches, cherries, strawberries, 
raspberries, blackberries, dewberries, currants, gooseberries, toma¬ 
toes, cucumbers and various native species of fruits desirable. 

Macimjnali) College, Macdonald College^ P, 0. 

Pollination of McIntosh and Pamense apples, cover crops and fertilizer 
experiments with apples. 

Variety testing of fruits. 

Variety and strain test of onions and cabbages. 

Seed growing and selection of bean, beet, carrot, sweet corn, tomato and 
peas. 

UNITED STATES DEPARTMENT OF AGRICULTURE. 

Same list as last year. 

ARIZONA. 

T'^niversity of Arizona, Tucmn, 

Hat<‘h Fund. 

Varsity testing of dales. 

Storage of sweet potatoes. 


CALIFORNIA. 

University op (Ulifornia, Berkeley. 

AND 

Exi‘ERIment Station, Davu , 

Pollination of doMcsIica and triflora plums under California condition^ 
Student laboratory plantings—a study of fruit tree stocks, pruning and 
planting methods. 

Almond culture. 

Planting distances for deciduous orchard trees. 

Apricot pruning. 

Pecan culture. 

Irrigation of orchards and small fruits. . . 

Orchard soils investigations--effect of tillage practices on soil moisture 

content and growth of trees. , j . 

Orchard soils investigations— tests of mulches for orchard trees. 
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Pollination studies with almonds, cherries and pears. 

Fruit bud formation in deciduous fruits. 

Pruning studies with deciduous fruits. 

Variety tests of fruits for drying. 

Inter-cropping of orchards. 

Nature and causes of growth periodicity in fruit trees. 

Relation of growth stimuli to fruitfulness and quality of product in or¬ 
chard trees. 

Orchard management. 

Survey of fruit drying industry of the state. 

Effects of sulphuring on fruit tissue and its possible relation to palata- 
bility of the product. 

Cold storage of grapes. 

Standardization of fruit drying methods. 

Equipment for fruit drying. 

Effects of stacking (the trays) in drying fruits. 

Cold storage of pears. 

Keeping qualities of apples in cold storage as affected by the health and 
vigor of the trees. 

Effects of stage of rip(*ness on the keeping quality of apples in cold 
storage. 

Vegetable growing on the University Farm. 

Potato breeding. Hill selection of tubers; field selection regardless of 
the hills from which they come. 

-('Ommercial production of vegetable seed. 

Capri figs and eaprifieation. 

The production of dried figs. 

The fresh fig industry, including a systematic study of fig varieties. 

The Japanese persijumon in California. 

Date culture in California. 

The June drop of the Navel orange. 

The seedlessness of the Navel orange. 

The avocado industry in California and the commercial varieties being 
grown. 

Improvement of bearing of vine varieties by selection. 

Tests of new or little known varieties of vines. 

Resistant stocks for California vines. 

Effects of early and late pruning of vines. 

Disinfection of roots and cuttings with hot water. 

Relation of degree of maturity of grapes to quantity and quality of 
raisins. 

Resistant stocks for raisin varieties. 

Wine grapes for the San Joaquin Valley. 

Varh tios and methods suitable for grape growing in Imperial Valley. 
•Coating for cement wine vats. 

Amounts of wine and by-products yielded by grapes in California. 
Improvement of methods of preparing unfermented grape juice. 
Standards of composition of Califoniia grapes and wine. 

Improvements of the methods of vinegar making in California. 

Methods of germinating olive seeds. 
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Preparation of collection of olive trees at Davis, Kearney and Imperial 
and of specimens at Berkeley. 

Improvement of methods of pickling olives. 

Demonstration of improved methods of Enology—in co-operation with 
the Extension Division. 

Elfect of the use of various fertilizers on a vineyard growing in a good 
well-balanced soil. (In co-operation with the Divisions of Soils and 
Fertilize »’s.) 

The effects of frost on vines and methods of control. 

Studies in jelly making. 

Use of tannin in white wine making. 

Studi(‘s of methods of chemical,analysis of wine. 

Effe(‘t of low temperature of sterilization on quality of canned fruits. 

CoIle(^tion of data to aid in the establishment of standards for wine, 
raisin and shipping grapes. 

Cost of the manufacture of olive oil and pickles in California. 

Unfermented orange juice. 

A study of methods of making glace fruits. 

Unfermented lemon juice. 

Katio of Balling-Alcohol-Sugar in a fermenting grape must. 

Methods of preparing fruit juices. 

Utility of winter spraying in the control of vine mildew. 

(Comparison of the effects of long and short pruning on varieties which 
are cotrirnonly pruned both ways. 

Reduction of the amount of fortification of sweet wines. 

Relative fruitfulness of canes originating on two-year-old wood (fruit- 
canes) and cancs originating on older wood (water-sprouts and suck¬ 
ers). 

Effects of summer priming on the quantity and quality of the crop and 
on the vigor of the vine. 

Best arrangement and priming of vines in a Muscat vineyard. 

Raisins as a feed for swine. 

Extraction of olive oil by centrifugal force. 

Relation of the number of vines per acre to the quantity and quality of 
the crop. 

Irrigation of viniyards. (Continuation of informal co-operation running 
since 1911.) 

Abnormal tastes and odors in olive oil. 

Relation of Oidinm to the keeping (jualities of shipping grapes. 

Demonstration of method of growing rasin grapes. 

Table grapes for the San Joaquin Valley. 

A study of the thermal death point of Bacillus botuHmiSf especially in 
relation to the sterilization of canned vegetables. 

Crape syrup as a substitute for pgar in canning. 

Canning and preserving fruit without sugar. 

Economical drying of mue and table grapes. 

Drying vegetables. 

Horne drying of fruit. 

Preservation of vegetables with salt. 
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The functions of sulfurous acid in the drying of fruit and in the storage 
of dried fruit. 

The sugaring of dried fruits. 

New methods of packing dried fruits. 

A study of the maximuin water content of dried fruits. 

A study of methods of fruit drying designed to prevent darkening of 
fruit during process without use of sulfurous acid. 

The best stage of ripeness at which to harvest fruit for canning, drying, 
and the preparation of jams, jellies and other fruit products. 

A study of the dipping of fruits preliminary to drying. 

State Commission op Horticulture, Sacramento, 

State fund. 

Control of mealybugs on citrus trees, the sugar beet leaf-hopper, and the 
black scale. 

Control of aphis by the use of the common ladybird beetle, Hippodamia 
convergens. 

Citrus Experiment Station, Riverside. 

Fertilizer requirements of citrus trees. 

A study of the varieties of citrus fruits and their relatives. 

Crown gall. 

Gum diseases. 

Routine examination of material sent to the Citrus Experiment Station, 
and minor studies in mycology and bacteriology. 

Root diseases of citrus trees. 

Fruit spots and stains. 

The breeding and improvement of citrus fruits. 

The principles of heredity in certain plants. 

The origin, nature, and inheritance of apparent mutations in certain 
plants. 

Citrus survey. 

Observations and studies on internal decline of lemons. 

A study of the fumigation process with special reference to the chemical 
problems involved. 

A study of the chemical and physical effects of nitrate of soda on citrus 
soils. 

Spraying for insect pestis on citrus and olive trees. 

Study of cost accounting for citrus orchards with a view to determining 
as far as possible the a(*tual value of cultural practices. 

Experiment in the management of old groves. 

Walnut breeding investigation. 

Walnut rooMock investigation. 

A ph,ysiologieal study of the effect of pruning upon the growth and pro¬ 
ductiveness of citrus trees and otlier hoi’tieultural plants grown 
under irrigation in arid regions in Southern C/alifornia. 

Walnut blight—investigation for control. 

Sunburning and winter-killing of walnut trees. 

Covererop breeding. 

Field trials with fertilizers and green manure crops with walnuts. 
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CONNECTICUT. 

Agricultural College, Siorrs. 

Variety testing of apples, pears, peaches, plums, cherries, small fruits 
and vegetables. 

Experiment Station, New Haven. 

Same as last year. 


DELAWARE. 

Experiment Station, Newark. 


Adams fund. 

Role of potash, phosphoric acid and nitrogen in growing peaches. 
Hatch fund. 

Role of potash, phosphoric acid, nitrogen in growing apples. 
Heredity studies of peaches. 

Heredity studies of cabbage. 

Cytology of peach fecundation. 

Cytology of cabbage fecundation. 

Hatch and other funds. 

Variety tests of apples, pears, peaches, plums and grapes. 
Comparative tests of varieties of pole lima beans. 

Comparative tests of varieties of bush lima beans. 

(!omparative tests of cover crop in peach orchards. 

Comparative tests of cover crop in apple orchards. 

(Vntral leader versus open head in apple trees. 

Smith-Lever and Other Funds. 

Dust s])rays for apples and peaches. 

Top dressing peach orchards with nitrate of soda. 

Pruning of peach and apple trees. 

Dusting strawberries for weevils. 

Thinning apples and peaches. 

Spraying tomatoes for septoria leaf spot. 


GEORGIA. 


University of Georgia, Alhen.^. 

"State Fund. 

Fertilization of apples. 

Study of pecan rosette. 

Tomato breeding for disease resistance. 

Fertilization of tomatoes. 

Smith-Lever Fund. 

Home gardens. 

Home orchards. 



190 


AMERICAN SOCIETY FOR HORTICULTURAL. SCIENCE, 


ILLINOIS. 

University of Illinois, Urbam. 

State Fund. 

Selection for certain characters in roses and carnations. 

Carnation breeding. 

A study of physiological diseases of greenhouse plants. 

Lettuce breeding studies. 

Soil mixtures for gre(;iihouse lettuce and tomatoes. 

Tomato selection for Pusariuiri resistance. 

Fertilizer experiments with tomatoes, melons, and sweet potatoes. 

Sweet potato selection tests. 

Dried bean production. 

Rots of onions in storage. 

Adams Fund. 

Bud selection of apples. 

Growing seedlings from selected fruits. 

Sweet pea breeding. 

Strawberry breeding (in abeyance). 

Hybrid apple breeding. 

Peach breeding. 

Experiment Station Fund. 

Soil management for apples. 

Soil management for peaches. 

Soil fertility problems for apples. 

Soil fertility problems for peaches. 

Investigations on the control of fire blight. 

Investigations in cool and cold storage of fruits. 

Methods of dehydrating fruits. 

Varieties tests of apples, pears, peaches, plums, cherries, apricots, grapes, 
raspberries, blackberries, gooseberries, currants, and strawb^erries. 
Field experiments on various cultural methods, including spraying, 
for small fruits. 

Hatch Fund. 

Investigations of various fruit rots. 

Investigations on the control of diseases affecting the wood of apple 
trees. 

Peach pruning experiments. 

State and Adams Funds. 

Field experiments on the control of apple insects and fungous pests. 

IOWA. 

Iowa State College, Ames. 

Adams Fund. 

Apple breeding, in study of unit characters and development of desirable 
varieties for the Upper Mississippi Valley. 

Orchard humus investigations, effect of varying amounts of humus on 
tree growth and fruitfulness. 
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State and Other Funds. 

Spraying of apple orchards. 

General fruit breeding. 

Orchard stocks investigations. 

Variety studies 
Vineyard investigations. 

Orchard heating. 

Cold and common storage of Iowa apples. 

Study of Jonathan spot on apples in storage. 

Crown gall of nursery stock. 

Orchard management, including apple pruning, fruit thinning, crop re¬ 
porting, and cherry investigations. 

Control of blister canker of the apple. 

Orchard fertilizer investigations. 

KENTUCKY. 

University op Kentucky, Lexington. 

State Fund. 

Study of pollination, self-sterility, etc., of tree fruits. 

Insecticides for scale control. 

Comparison of spray materials. 

Adaptation of vinifera grapes. 

Spraying of grapes. 

Variety tests and methods of planting of small fruits. 

Pruning, training and spraying tomatoes. 

Smith-Lever Fund. 

Orchard pruning and spraying. 

Organizing co-operative organization for crop production and marketing. 
Orchard management. 

Grading, packing and marketing cantaloupes and other truck crops. 

State Fund (Demonstration). 

One co-operative orchard for orchard management, use of fertilizers, etc. 

MARYLAND. 

Maryl-^nd State College, College Park. 

Same as last year. 


MASSACHUSETTS. 

Agricultitral College, Amherst. 

Adams Fund. 

Studies in plant breeding—■inheritance of pigmentation in garden beans; 
isolation of pure races in squashes; correlation of seed weight and 
vine length in peas; effect of selection within the pure line in peas. 
The interrelation of root and scion in apples. 

Breeding peaches. 

A study of tree characters in fruit varieties. 
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A study of the relation of light to greenhouse, garden and field crops. 
Why insecticides burn foliage. 

To determine the characteristics, life, histories, liabits, and control of all 
cranberry insects. 

State find Other Funds. 

The climatology of fruits—effect of local climate on varieties; relation of 
topography to winter killing of fruit buds in peaches. 

Pruning experiments with apples with especial reference to head forma¬ 
tion. 

The effect of cover crops on growth and production in apples. 

Tests of varieties of fruits. 

Experiments in the intensive planting of fruits. 

Tests of spray materials and methods. 

The behavior of apples in cold storage. 

Fertilizer tests in the apple orchard. 

Fertilizer plot tests with small fruits and V(‘getables. 

The production of rust resistent varieties of asparagus. 

Cranberry investigations, diseases, frost observation and protection, bog 
management. 

Blueberry culture. 

Investigation of a stem disease of greenhouse roses. 

Experimental spraying of beans for control of amthracnose. 
Experimental spraying of celery for control of late blight. 

Study of the value of arsenate of lime as a substitute for arsenate of lead 
as a spray material. 

Dates of hatching of oyster shell scale, scurfy scale and white pine scale. 
The control of the onion maggot. 

Study of the number of broods of the codling moth. 

Study of cyclamen mite. 

The poisoning of bees resulting from spraying fruit and shade trees with 
arsenical poisons. 

Smith-Lever Fund. 

Demonstration in fifteen orchards which have been set since 1910. 
Demonstration of the manufacture of orchard by-products. 

Lectures and demonstrations at extension schools. 

A pruning, spraying and apple grading and packing campaign. 

A state-wide campaign for the obser\^ation of a national apple day. 
Monthly letters to county agricultural agents. 

Occasional letters to demonstration orchard owners. 


Market Gardenino Station, Arlington. 

Test of asparagus. 

Test of commercial varieties and new or improved varieties of standard 
vegetables. 

Stable manure vs. various combinations of green manures and commer¬ 
cial fertilizers with definite rotations of vegetable crops. 

Insect control of cabbage, spinach, squash, etc. 

Disease control work on celery, cucumbers and tomatoes. 
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MICHIGAN. 

Agricultural College, East Lansing, 

Same as last year 


MINNESOTA. 

University op Minnesota, 8t, Paul 

Adams Fund. 

Study of inheritance of fruit characters. 

Breeding for hardiness in fruits. 

State Funds. 

Studies of sterility in fruits, 
limning the apple. 

Co-operative orchard management experiments. 

Cider and vinegar making qualities of Minnesota apples. 

Blueberr}^ studies. 

Nut culture. 

Study of relation between structure and hardiness in the plum. 

Variety tests of fruits. 

Breeding and selection of bean, cucumber, lettuce, melon, onion, pea, 
squash, and tomato. 

Potato investigations in hill selection, the testing of varieties and seed- 
linings, and in maintaining yield. 

Studies of ornamental varieties and uses of annuals, perennials, shrubs, 
hedges and dahlias. 


MISSOURI. 

University of Missouri, Columbia. 

Adams Fund, 

A study of the factors influencing the rest of horticultural plants. 
Orchard and strawberry nutrition. 

State Fund. 

Spraying fruits for insect and fungous diseases. 

Hatch Fund. 

Asparagus selection. 

Investigations with seed potatoes. 

Fruit bud development of fruit trees as influenced by treatment and 
previous crops. 

Handling and hardening off vegetable plants. 

Bud selection for increasing yields of apples. -f 

The nutrition of fruits with special reference to their hardiness. 

Self fertility and self sterility of fruits. 

Fall vs. spring planting of trees. 

Orchard heating (in years when late spring frosts occur). 

Treatment of apple canker diseases. 

Apple breeding for late blooming habit. 

Orchard tillage—sod, clean cultivation, mulch, combined cultivation and 
cover crops. 
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Peach breeding for hardy sorts. 

Examination of buds in winter for forecasting probable bloom. 
Smith-Lever Fund. 

Pruning and spraying grapes. 

Renovating old orchards by pruning and spraying. 

Shaping young orchards. 

Grading and packing fruit. 


MONTANA. 

University op Montana, Bozeman, 


Same as last year. 


NEBRASKA. 

University of Nebraska, Lincoln, 


Adams Fund. 

Winter injury investigations. 

Hatch and State Funds. 

Principles of orchard culture. 

Plant breeding. 

Potato selection for seed purposes. 

Tul>er line selection of potatoes for increased yield. 

Fruit breeding. 

Spraying apples, pears, grapes and bush fruits. 

Pruning apples, pears, and small fruits. 

Treatment of Illinois blister canker of apple trees. 

Smith-Lever Fund. 

Pruning and spraying of fruit trees. 

NORTH CAROLINA. 

State Department op Agriculture, Raleigh, 

State Fund. 

Practicability of commercial pecan culture. 

Pecan breeding. 

Commercial production of summer apples in Eastern North Carolina. 
Muscadine grape work—culture, pruning and trellising, fertilizing, var¬ 
iety testing, producing new varieties. 

Fruit variety adaptation. 

Peach breeding. 

History and descriptions of fruits native to North Carolina. 

An investigation of thermal belts or frostless zones. 

Sweet potatoes—planting, storing, and disease control. 

Cabbage—varieties for storage and methods of storage. 

Irish potatoes—varieties for mountain conditions, producing seed for 
early crop in coastal region, hill and tuber unit selection, keeping 
and cooking qualities. 
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Adams Fund. 

Self-sterility in blackberries and dewberries. 

Study of transmission of characters in hybrids of Rotimdifolia grapes. 
Smith-Lever Fund. 

Orchard demonstration work-~loeating orchards; budding, grafting and 
top-working; planting, pruning, spraying and packing; classifica- 
ting and judging fruits at fairs. 

Experiment Station, West Raleigh. 

Study of transmission of (*haracters in hybrids of Rotiindifolia grapes. 
Studies of inheritance of sex, size and color of RotundifoJia grapes. 
Productivity of Rotundifolia grapes. 

Study of quality characters in Rotundifolia grapes. 

Hybridization of Rotundifolia grapes with otlier varieties. 

NEW HAMPSHIRE. 

Experiment Station, Durham . 

Adams Fund. 

Fruit bud formation. 

Inheritance of color in carnations. . i 

Mendelian inheritance in squashes. ' 

Hatch Fund. 

Variety test of apples, plums and small fruits. 

Study of the status of the blueberry industry in New Hampshire. • < 
Study of so<l mulch system for orchards. 

Study of cultivation for orchards. 

Test of various cover crops for orchards. 

Miscellaneous. 

Adaptation of varieties of tomatoes to New llariipshirc conditions. 
Variety test of tomatoes for forcing in the gref'iiliouse. 

A stuciy of vegetable pits and trenches. 

A slmly of temperatures maintained in vegetables pits and trenches in 
a northern climate. 


NEW YORK. 

Cornell TIniversity, Jihaca . 


State Funds. 

Research Projects: 

Osmotic relationship and incipient drying in fruit trees. 

Hardiness studies. - 

Bush fruits fertilizer experiments. 

Pruning experiments with young trees. 

Pruning experiments with old trees. 

Color in fruits. 

A study of the causes of the June drop with fruit trees. 

A study of the behavior of the individual fruit spurs as a result of thin¬ 
ning. 
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Extension Projects: 

The extension work is conducted by means of demonstration schools^ 
winter short courses, personal farm visits, lectures, demonstrations, 
correspondence courses, personal correspondence, educational ex¬ 
hibits at fruit growers’ meetings, state and county fairs, and 
production and marketing small fruits and tree fruits. A large pro¬ 
portion of the work is handled in co-operation with county farm 
Wreau agents. 


Experiment Station, Geneva. 

Fruit variety testings and descriptions. 

Fruit breeding, particular attention being given to apples, pears, grapes, 
raspberries and strawberries. 

Vinifera grapes—variety testing and breeding. 

Apple orchard fertilization. 

Orchard tillage experiments and cost of growing apples. 

Pruning—heavy vs. light, and high vs. low heading with apple, pear, 
plum, peach and cherry; summer vs. winter pruning with the peach 
and apple; tests of various dressings for wounds. 

Bud selection in apples and violets. 

Vineyard fertilization (vineyard sub-stations). 

Pruning and training varieties of grapes (vineyard sub-stations). 
Desirable stocks for grapes (vineyard sub-stations). 

Study of temperature and water requirements of varieties of grapes 
(vineyard sub-stations). 

Tomato, cucumber and melon breeding. 

Cabbage—the relative value of selfed and opeii pollinated seed. 

Beans—selection for disease resistance. 

Garden peas—a study of pure lines. 

Culture of little known vegetables. 

Rose and orchard breeding to study color inheritance. 

OHIO. 

Experiment Station, Wooster, 


Same as last year. 


Ohio State University, Columbus. 

Demonstrations—all-year demonstrations in pruning, spraying, fertiliz¬ 
ing, thinning, grading and packing in 40 orchards. Also 150 other 
pruning and spraying demonstrations. 

Illustrated lectures and practical work in landscape gardening for homes 
and rural schools. 
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OREGON. 

Agricultural College, Cornvallis, 

Adams Fund. 

Cause of sterility in pomaceous fruits. 

Investigations of critical temperature in connection with frost damage. 
Influence of moisture in development of pear trees as relates to vigor, 
bud, foliage and fruit. 

Relations of pruning methods to wood growth, bud formation and fruit 
development. 

State and Other Funds. 

Relations of depth of planting to Mgor of fruit trees. 

The value of various stocks for prunes. 

Loganberry pruning. 

Plant breeding with apples, cherries, prunes, and strawberries. 

Variety tests at home stations and sub-stations with over 2000 varieties of 
nuts and fruits. 

Pollination of English walnuts. 

Nitrate studies with apples. 

Fertilizer tests with strawberries. 

Thinning investigations with apples. 

Orchard eeonomie studies with apples. 

Investigations of stocks for pears. 

('over crop adaptability for Southern Oregon. 

Methods of maintaining organic matter in sandy soil of the Columbia 
Basin. 

Relations of harvesting and storing methods in maturity of pears. 
Fertilizer investigations with onions. 

I’ollination of greenhouse tomatoes. 

Variety tests with broccoli. 

Value of various vegetables for cannery purposes. 

Irrigation and fertilizer investigations with field grown tomatoes, cab¬ 
bage, ])roc(*oli, and celery. 

Standardization of the Italian prune. 

Utilization ot* apple culls. 

Canning values of leading commercial varieties of fruits. 

Condensation and clarification of loganberry juice. 

Utilization of the waste products from the horticultural product plants. 
Smith-Lever and Other Funds. 

Pruning demonstration. 

Spraying demonstration. 


TEXAS. 


Experiment Station, College Station. 


Adams Fund. . , , . ^ t * » 

Plant breeding, using bhuikberries, dewbernes and raspberries, m efforts 
to produce a more desirable, spineless berry adapted to Texas condi¬ 
tions. 
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Hatch Fund. 

Field studies on crown gall, with studies of control. 

Longevity and adaptability of the Indian cling peach versus modem 
commercial varieties. 

Studies of American vs. European varieties of grapes when grafted on to 
native (Vitis champinii) stock. 

State and Federal Funds. 

Rosaeceous fruit breeding work conducted in co-operation with the Bur¬ 
eau of Plant Industry, at the Troup substation. 

College Funds. 

Variety test of roses. 

A test of various pecan stocks. 

Variety test of potatoes. 

Smith-Lever Fund. 

Fruit growing. 

Vegetable growing. 

Pecan propagation. 

Fruit and vegetable diseases. 

Orchard and garden insects. 

('ontrol of sweet potato weevil. 


UTAH. 

Utah Agricultural (College, Logan, 

State and Other Funds. 

(-arming crops. 

Horticultural survey. 

Breeding of horticultural plants. 

Utilization of horticultural products. 

VIRGINIA. 

UNiVERSTTy OF ViRGiNi.\, Blackshurg . 

Adams Fund. 

Effect of soil environment on fruit bud formation. 

Effect of time of pruning on fruit bud formation. 

Breeding late blooming apples. 

Study of laws of inheritance of garden vegetables. 

Hatch Fund. 

Commercial value of dwarf apples. 

Control of fire blight. 

Varietal studies of tree fruits. 

State Fund. 

Orchards throughout the state for study of spraying, fertilizing, and soil 
management. 

Smith-Lever Fund. 

Demonstrations in orchard management, garden management, pruning, 
spraying, fire blight control, grading and packing fruit, mice eradi¬ 
cation and bridge grafting to save mice injured trees. 
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Truck Experiment Station, Norfolk. 

Truck crop cultural investigations. 

Strain and variety tests of cabbage, potatoes and other vegetables. 

Sweet potato investigations, including cultural methods, seed storage and 
improvement by selections. 

Sweet potato disease investigations. 

Fertilizers and soil requirements for various vegetables. 

Effect of continued applications of various fertilizer ingredients and 
combinations on crop production, and their residual effect upon the 
soil. ^ 

Peanut rotations. 

Cover crop and truck crop rotations. 

Control of diseases of spinach, sweet potatoes, Irish potatoes, egg plant, 
cucumbers, lettuce, beans, watermelons and peanuts. 

Vegetable storage and marketing studies. 

Insect and plant disease transmission. 

WEST VIRGINIA. 

University of West Virginia, Morgantown. 


Adams Fund. 

Pollination of the apple to study self-sterility in certain varieties. 

Physiological effect of pruning apple and peach trees in varying amounts 
at various seasons. Metabolism of the apple has been carefully 
studied in this connection. 

Hatch and State Funds. 

Physiological effect of pruning cherry, plum, pear and quince trees. 

Apple ondiard culture experiments. 

Effect of thinning fruit upon annual bearing of apples. 

P'ertilizer for apple and peach trees of different ages. 

Variety test of tree fruits. 

Variety test and study of fertilizer and pruning requirements of bush 
fruits. 

A study of several factors influencing strawberry production, such as 
fertilizers, varieties and their adaption, systems of planting, and the 
effect of plant selection. 

General survey of the small fruit industry. 

Variety and fertilizer test, cultural methods, and, effect of pruning on 
yield and vigor of grapes. 

Demonstrational co-operative orchard and variety testing work. 

Test of spray nozzles. 

Breeding of sweet potatoes to study the effect of hill selection on yield 
and vigor. 

Irish potato breeding to study the effect of bud selection; experiment 
conducted on the tuber unit. 

Potato cultural experiment to study the various factors affecting yjeld 
and vigor. 
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Potato variety test. 

Improviug poor soil hy means of moderate applications of commercial 
fertilizers and manures and the use of cover crops while producing 
profitable truck crops. 

Selection of carnation for high and low yield. 

A varietal study of the snapdragon and a test of its value as a greenhouse 
cut flower for West Virginia conditions. 

A study of hardy perennials suitalfle for West Virginia conditions, 
Smith-Lever Fund. 

Extension work in demonstrations on tree fruits, small fruits and vege¬ 
tables, and the keeping of accAirate records of costs, yields, etc. 

Extension work by means of farmers’ institutes, extension schools, cor- 
respon(]en(*e courses, judging at district and county fairs, and special 
assistance to individuals. 

Extension work in potato production. 

Extension work in the organization of city, school and miners’ garden 
movement. 

WISCONSIN. 

University of Wisconsin, Madison. 

Same as last year. 
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BEPOBT OF TEE COMBUTTBE ON BESOLOTIONS. 

Whereas, at the annual smoker held on the evening of December 
27, 1917, Dr. L. H. Bailey, President of the American Poraologieal So¬ 
ciety, was invited to talk on subjects of his own choosing, delightfully 
entertained the members of American Society for Horticultural Science 
with an account of his recent collecting trip in China, and under sugges¬ 
tions for the good of the horticultural industry presented a plan for in¬ 
creasing the membership and interest in the American Pomological So¬ 
ciety. Briefly the plan was to go after a large meml)ership among ama¬ 
teur horticulturists, thus getting back to the original aims and principles 
of the Society. In order to hold the membership together it was sug¬ 
gested to establish a weekly or monthly journal to be sent free to mem- 
Ws. 

He urged his hearers to think the matter over during the next few 
months as nothing can be done—except possibly privately to establish the 
jaurnal before the next annual meeting of the Pomological Society. It 
is therefore, 

Resoutsd, That we go on record as being in sympathy with the sug¬ 
gestion of Dr. Bailey regarding his plans for improving the usefulness 
and increased interest in the American Pomologiekl Society and hereby 
pledge ourselves as an organization and as individuals to assist in carry¬ 
ing them out when officially called upon to do so. 

Besolved, That we tender our thanks to the authorities of the Car¬ 
negie Institute of Technology for supplying rooms in which to hold our 
meetings and excellent facilities and assistance for carrying out the 
various features of our program. 

W. L. HOWARD, 

J. H. GOUBLEY, 

J. C. BLAIR, 

Committee. 
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ANNUAL MEETING IN 1918. 

It was decided to have the annual meeting in 1918 cover three day% 
and to hold one session jointly with Section M, Agriculture, of the Ameri¬ 
can Association for the Advancement of Science. 

DONATION TO THE FRENCH FRUIT FUND. 

The Horticultural Society of New York has appealed to the several 
horticultural societies of this country to make donations to a fund to be 
used in the replanting of fruit trees in the devasted regions of France. 
Our members gladly voted $100 for this purpose, and the Treasurer sent 
a check for this amount to Mr. F, R. Newbold, Treasurer of the Horticul¬ 
tural Society of New York. Mr. Newbold’s letter of January 15, 1918, 
to the Secretary acknowledging receipt of this check is deeply interesting 
and is given herewith: 

Dear Sir : 

I enclose receipt for your check for $100, received today for which I 
deeply thank you. This fund has now reached $3,612.48, and there are 
several entertainments to be given shortly by Garden Clubs and Horticul¬ 
tural Societies, the proceeds of which are to go to the fund, so that I hope 
to have between four and five thousand dollars by the end of the month. 

We have arranged to have this money distributed in France under 
the auspices of the American Red ('ross, but the actual work will be done 
by the American Fund for French Wounded, Civilian Relief Committee, 
who now represent and are doing this work for the Red Cross and French 
Government, in both the Somme and Aisne districts, with headquarters 
at Bleraneourt. 

The actual work of planting is done by French soldiers during their 
rest periods behind the lines. 

The Committee in France have arranged to have the orchards mark¬ 
ed with brass tags or plates with name of donor, so that later on when the 
work has been done, I hope to be able to send you a report istating exact¬ 
ly where your donation Avas expended. We have an option on some 90 
thousand fruit trees in two or three nurseries in France, that deliver the 
trees at 60 cents each in the devasted regions by motor truck. In this 
way we hope we are helping both the French Nurserymen and the Refu¬ 
gees. All this work is done under the supervision of horticultural ex-l 
perts, appointed one by the French government, one by the National 
French Horticultural Society and one of our members working for the 
American Fund for French Wounded at Blarancourt. The cost of 
planting the orchards belonging to one village is from $150 to $300. 

In a letter received from Blarancourt last autumn it is stated that 
in the Somme district alone about 175 thousand apple trees were de¬ 
stroyed. 

A number of these have been or were replanted last year by the 
American Fund for French Wounded and the French Horticultural So¬ 
ciety, and they also distributed some 60 thousand scions for grafting. 

Believe me, 

Very truly yours, 

F. R. NEWBOLD, 

Treasurer, 
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OBirnABT. 

Arnold Valentine Stubenrauch was bom April 27, 1871, in New 
Orleans. He was prepared for college in the High School Department of 
Tolane University of Louisiana. In 1891 he entered the University of 
California, graduating from the College of Agriculture in 1899. During 
his under-graduate years he was secretary to Dr. Hilgard, Dean and 
Director of the Experiment Station. After graduation he was elected 
to a fellowship in horticulture in Cornell University, and in 1901 took 
the degree of Master of Science. Prom 1901 to 1902 he was instructor 
in horticulture at the University of Illinois, and from July, 1902, to 
January, 1906, Assistant Professor of Horticulture in the University of 
California. 

In 1906 Professor Stubenrauch became associated with the U. S. 
Department of Agriculture in connection with their fruit transportation 
and storage investigations. In 1910 he was placed in charge of the field 
investigations in pomology, including investigations of fruit transporta¬ 
tion and storage. In April, 1913, he was made pomologist in charge of 
horticultural and pomological investigations in the department. 

In August, 1914. Professor Stubenrauch was called back to his Alma 
Mater, the University of California, to take charge of the newly created 
division of pomology, but at the same time continued to be consulting 
pomologist in the U. S. Department of Agriculture. 

Professor Stubenrauch died at his home in Berkeley on Febraary 12, 
1917. He is survived by his wife, Marie Meyer Stubenrauch, and two 
sons, Arnold V. Stubenrauch and Paul Bailey Stubenrauch. 

Professor Stubenrauch won fame for his investigations in the trans¬ 
portation and storage of California and Florida fruits. He determined 
the factors underlying the successful storage of California grapes and 
discovered the use of redwood sawdust as a packing material, and later, 
with C. W. Mann, introduced this method of handling and storing grapes 
into successful commercial practice, thereby making the Red Emperor 
grape a profitable variety. 

His writing between the years 1895 and 1914, inclusive, include be¬ 
tween forty-five and fifty titles. 

Professor Stubenrauch was a member of the following societies: 
Sigma Xi, Alpha Zeta, Acacia Fraternity, American AssMistion of Re¬ 
frigeration, American Pomological Society, American Society for Horti¬ 
cultural Science, American Genetic Society, Washington Academy of 
Science, and fellow of the American Association for the Advancement of 
Science. 
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CONSTITUTION 


ARTICLE 1. 

The name of this Association shall be the American Society for Horti¬ 
cultural Science. 

ARTICLE 2. 

The object of the Society shall be to promote the Science of Horti¬ 
culture. 

ARTICLE 3. 

Any person who is a graduate of an agricultural college and holds an 
official position in an agricultural college, experiment station, or federal 
Department of Agriculture in the United States or Canada, may become 
a member upon payment of the annual dues of $1.50. 

ARTICLE 4. 

Meetings shall be held annually at such time and place as may be des¬ 
ignated by the Executive Committee, unless otherwise ordered by the 
Society. 

ARTICLE 5. 

The officers shall consist of a President, three Vice-Presidents, and a 
Secretary-Treasurer, who, together with the chairmen of the standing 
committees, shall constitute a Council to act upon all applications for 
membership. There shall also be an Assistant Secretary. These officers 
shall be elected annually by ballot. 

ARTICLE 6. 

This Constitution may be amended by two-thirds vote of the Society 
at any regular meeting, notice of such amendment having been read 
at the last regular meeting. 


BY-LAWS 

Section 1. The President and other officers shall perform the usual 
duties of their respective offices. The President shall also deliver an ad¬ 
dress at each regular meeting. 

Sec. 2. There shall be a Committee on Nominations consisting of five 
(5) members, who shall be nominated and elected by ballot at each 
regular meeting of the Society. It shall be the duty of this committee, 
at the following meeting, to suggest to the Society names for officers, 
referees, and members of committees for the ensuing year.f 

Sec. 3. There shall be an Executive Committee, consisting of three 
(3) members and the President and the Secretary, ex-officio. This com¬ 
mittee shall perform the usual duties devolving upon such committee. 

Sec. 4. The Committee on Nominations shall nominate referees and 
alternates upon special subjects of investigation or instruction, which 
may be referred to its consideration by the Society. The duties of these 
referees shall be to make concise reports upon recent investigations or 
methods of teaching in the subjects assigned them, and to report the 
present status of the same. 

Sec. 5. There shall be a Committee on Program, consisting of seven 
(7) members, of which the Secretary shall be one. This committee shall 
have charge of the scientific activities of the Society, except as other¬ 
wise ordered by the Society, 

Sec. 6. The annual dues of the Society shall be one dollar and fifty 
cents. 

Sec. 7. Ten members of the Society shall constitute a quorum. 

*The Constitution and By-Laws as amended from time to time. 

fSince 1913 two lists of candidates have been required. 
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TREASURER’S REPORT FOR 1918 


Voucher 

No. Cr. 

1918. 

Jan. 4 Stamps . $2.00 

Jan. 8 Stamps. 2.00 

(1) Jan. 14 Expenses of Secretary in attending Pittsburgh 

Meeting . 31.87 

(2) Jan. 14 The Horticultural Society of New York for the 

French Fruit Growers^ Fund to he used in 
replanting the fruit orchards of France..., 100.00 

(3) Jan. 22 C. A. McCue for stamps used by program com¬ 

mittee in 1917. 6.72 

Feb. 1 Stamps . 2.00 

Feb. 7 Stamps . 1.00 

(4) Feb. 9 Maurice Joyce Engraving Co., Inc.: 


1 Half-tone for 1917 Report. 2.93 

- 8.54 

(4^) Feb. 26 Telephone to George T. Melvin, Annapolis, Md. .35 

Feb. 28 Stamps . 3.00 

(5) April 15 George T. Melvin, 3,000 letterheads and 

2,750 envelopes .$28.50 

Parcel Post on same.68 

_ 2918 

April 25 Stamps . 2.00 

(6) June 12 Express on 1917 Reports from Annapolis, Md. 2.31 

June 14 Stamps . 6.00 

June 15 Postage on 1917 Reports. 15.43 

June 20 Postage on 1917 Reports. 2.67 

June 27 Stamps . . 1.00 

(7) July 8 George T. Melvin, 500 Report envelopes. 5.85 

July 10 Stamps . 1.00 

Oct. 24 Stamps. 2.00 

(8) Nov. 15 George T. Melvin, printing 1917 Report. 294.05 

Nov, 29 Stamps . 2.00 

Dec. 4 Stamps . 1.00 

Dec. 11 Stamps . 2.00 

Dec. 17 Stamps . 5.00 

Dec. 20 Torsch & F'ranz Badge Co., 1917 buttons. 3.29 

$532.26 

1918. Hu 

Jan. 2 By Balance on hand. $500.11 

Jan. 7 Agricultural College of Utah, Logan, Utah, 1916 

report . 1*50 

Jan. 31 Leonard Barron, Garden City, N. Y., reports for 

1915-16 . 2.50 

Feb. 16 University of Missouri, Columbia, Mo., 1916 report.. 1.50 

Feb. 28 A. F. Edminster, U. S. Dept. Agr., reports 1915-16.. 2.50 

May 28 G. E. Stechert & Co., New York City, 1916 report- 1.50 

June 24 American News Co., New York City, 1917 report- 1.50 

June 24 Experiment Station, Blacksburg, Va., 1917 report- 1.60 

July 5 Purdue University, Lafayette, Ind., 1917 report. 1.50 

University of Vermont, Burlington, Vt., 1917 report. 1.50 

New Mexico College of Agr. & Mech. Arts, State Col¬ 
lege, N. M., 1917 report. 1,60 
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Kentucky Agr. Exp. Sta., Lexingrton, Ky., 1917 report. 1.60 

July 10 Brooklyn Institute of Arts and Sciences, Brooklyn, 

N. Y., 1917 report. 1.60 

July 18 R. Veterinary & Agr. College, Copenhagen, Denmark, 

1917 report . 1.60 

July 19 G. E. Stechert & Co., New York City, 1917 report... 1.60 

July 22 Univei:sity of Minnesota, St. Paul, Minn., 1917 report 1.60 

Colorado Agr. College, Fort Collins, Colo., 1917 report 1.60 

July 23 State College of Washington, Pullman, Wash., 1917 

report . 1.60 

July 30 Iowa State College, Ames, Iowa, 1917 report. 1.50 

University of Maine, Orono, Maine, 1917 report. 1.50 

Aug. 5 Experiment Station, Wooster, Ohio, 1917 report. 1.50 

Aug. 10 University of California, Berkeley, Cal., 2 reports 

for 1917. 3.00 

Aug. 17 Georgia State College of Agr., Athens, Ga., 1917 

report. 1.50 

Aug. 20 Ohio State University, Columbus, Ohio, 1917 report.. 1.50 
University of Missouri, Columbia, Mo., 1917 report. . 1.50 

University of California, Berkeley, Cal., 1917 report. 1.50 

G. E. Stechert & Co., New York City, complete set 

of reports . 14.00 

Sept. 2 Louisiana State University, Baton Rouge., La., 1917 

report . 1.50 

Sept. 11 Massachusetts Agr. College, Amherst, Mass., 1917 

report. 1.50 

Oct. 7 New York Botanical Garden, New York City, com¬ 
plete set of reports. 14.00 

University of Wisconsin, Madison, Wis., 1917 report. 1.50 

F. P. Cullinan, Purdue University, Lafayette, Ind., 

1917 report. 1.50 

Nov. 4 United States Experiment Station, Honolulu, Hawaii, 

1917 report . 1.50 

Nov, 20 Georgia Experiment Station, Experiment, Ga., 1917 

report . 1.50 

Southern Oregon Experiment Station, Talent, Ore., 

1917 report . 1.60 

Nov. 23 G. E. Stechert & Co., New York City, complete set of 

reports . 14.00 

Nov. 26 The Baker & Taylor Co., New York City, reports 

1916 and 1917.‘. 3.00 

Dec. 14 University of Nebra.ska, Lincoln, Neb., 1917 report.. 1.50 

John Joseph MeVey, Philadelphia, Pa., complete .set 

of reports . 14.00 

Dec. 26 Package Sales Corporation, South Bend, Ind., 1917 

report . 1.50 

Membership dues paid. 331.50 


$946.11 


Balance on hand.. $412.85 


Respectfully submitted, 

C. P. CLOSE, Treasurer. 

The Auditing Committee reported that it had examined the accounts 
of the Treasurer and found them to be correct. 

J. P. STEWART, 

A, H. HENDRICKSON, 

A. G. GUNDERSON, 

Auditing Committee. 
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ANNUAL MEETING AT BALTIMORE, MD. 1918 

FRIDAY, DECEMBER 27, 9:30 A. M. 

President McC\ie ealled the meetinj? to order and presided 
over all of the sessions. About 40 members were iji attendance 
duriiij? the meeting though not all at any one session. The discus¬ 
sions were full of snap and vigor and the meeting was one of the 
best we have ever had. It was unfortunate that more of the 
members were not present. 

WINTER INJURY IN CANADA. 

By W. T. M\coitk, Central Experimenial Farm, 

Ottawa, C \xada. 

During the ])ast sixty years, l)eyond which commercial or¬ 
chards wore of small extent in Canada, there have been seven win¬ 
ters vvliic'h have caused heavy lovsses among fruit trees in the Pro¬ 
vinces of Ontario and (Quebec. These wei'e the winters of 1858-9, 
1876-7, 1884-5, 1895-6, 1898-9, 1903-4, and 1917-18. Of these the 
winters ot 1884-5, 1895-6 and 1898-9 were winters with little or 
no snow on the ground in the middle of winter, and root killing 
was the })rincipal form of injury. During the past twenty years 
the two winters which have been most destructive WTre those of 
1903-4 and 1917-18. and in neither of these winters did trees suf¬ 
fer from I'oot killing in Eastern Ontario and the Province of 
(^ue])e(', as ther(' w’as a heavy covering of snow\ There were 306 
af)ple tr(‘es, including 164 varieties, killed in the orchards of the 
Expeiimental Farm, Otlawaa, by the winter of 1908-4; and by 
the wdnter of 1917-18 there W'cre 360 trees killed, including 200 
varieties; and it i-s ex])e(ied more will be dead in the spring of 
1918-19 as a result of that winter. 

The w inters of 1903-4 and 1917-18 wore somewhat similar in that 
there Avere long spells of verv cold weather w’ith a drop to below 
—20^ F. in December. In 1903-4 the temperature fell to —23.2°F. 
on December 15; in 1917-18 it wras —25°P. on December 12. 
The coldest day of the winter of 1903-4 was —30.2®P. on Jan. 
5; the coldest day of 1917-18 was December 30, 1917. when the 
temperature was'—30.8°F. It was below^ zero on 58 days in 
the winter of 1903-4 and on 55 days in the winter of 191T-18. 
The mean temperature from November 1st, 1903, to April 1st, 
1904, was +14.68°, and for the same period in 1917-18, it was 
+14.84°. There were three months in both these winters with no 
real thaws, although the temperature rose a few degrees above 
freezing on several days during the winter. 

The lowest temperature in November, 1903, was —0.1°F. on 
the 26th. The lowest in 1917 in November was —8°P. on the 
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27th. Whil(‘ J9J7 was a short f<rovviiij 4 * season, this cannot be said 
of the season of 190:]-4. It was an early spring, and it is recorded 
in our diary that “ S(*i)teml)er and October were fine and fruits 
and vogetabhis niatiUTHl well.’’ The autumn of 1917 was con¬ 
sidered favorable on the Avhole for the ripenin^if of the wood of 
a])j)le trees, although October was not as bright as usual. We 
havt‘ a note in (nir diary on Noveiul)er 19, 1917, that “it (No- 
v(Mnl)er) has Ixmmi a veiy fine month so far, the finest November 
since farm records weni taken. No i>reei])itation of any kind, 
and mild cm the wljole.“ The conditions seemed very favorable 
for the trees winterinj^ well at that date* 

We have two clues as to the dates between which most of the 
injury 0 (‘curred m the winter of 1917-lS. Each year scions of a 
lar^?:e number of varieties of apples are taken for root, j^raftin^^. 
The first lot of scions Wini taken from trees in the orchards at 
Ottawa on I)ecem])er 5 and G, 1917, and on account of the practi¬ 
cally continuous cold weather, no more scions were taken until 
Eebruai*y, lo, 1918. The first lot was eut and j^rafted without 
any injury to scions having been iiolieed. On euttint^ the second 
1(4 of scions it was noticed that a lar^e proixnlion of them had 
been injui’ed; the pith was brown. The results from the ^raftini? 
arc interest in The records of one ])a^e of the grafting books of 
scions ent bdbrc' juid aftei* injury follows: 

Root grafted.Winter 1917-18 ; Root grafted.Winter 1917-18 

Scions taken. .. .Dec. 5 and 6, 1917 Scions taken.B'eb. 13, 1918 

Stock.Seedlings of Orion Crab ^ Stock-Seedlings of Martha Crab 

24 Varieties. 22 Varieties. 

Number of grafts made.885 ' Number of grafts made.607 

Number of grafts grew.559 , Number of grafts grew.112 

Percentage of grafts grew... .63.16 Percentage of grafts grew... .18.45 

C^ornpare both of these with results from root grafting in 
the winter of 1916-17, taking the record of one page of the graft¬ 
ing book—25 varieties. 

Number of grafts made: 158‘h 

Number of grafts grew^: 1362. 

Percentage of grafts grew : 86.03. 

The stock w^as seedlings of Excelsior cral). The same man 
made all the grafts. 

This was, however, not a planned experiment, and while the 
I'esults are ver>^ suggestive, the kind of vStoek and the time of 
grafting may have had something to do with the differences; 
though judging by past experience, wv must conclude that most of 
the difference is duo to winter injury. 

The next clue as to the time the winter injury occurred is 
obtained from the notes made on each individual tree of the 360 
apple trees which were killed in the winter of 1917-18 at Ottawa. 
A record was not made of how low down every tree was killed, 
but in the great majority of cases the trunk was killed to the 
ground, or to within about 18 inches of the gound. This would 
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seem to indicate that the trunk was not protected by snow, or but 
little protected by snow, when the injury occurred, again putting 
the time of injury" before February 13, by which time thei‘e had 
fallen 90 inches of snow. Only 24 inches of this fell before De¬ 
cember 12, the date of the first very low temperature. The snow¬ 
fall in November was 10.50 inches; in December, 27.00 inches; 
in fJanuary, 31.50 inches; in February, 23.75 inches; and as the 
highest temperature in December was +37.8°., and in January 
it never rose above freezing—^noj- did i1 in February before the 
13th—thei’O was little thawing. The coldest periods in the winter 
of 1917-18 were Decemlier 10-18, December 26—January 6, Jan¬ 
uary 24—February 11, February 16-23. The total snowfall of 
Die winter was 115 inches. 

The injury to nursery stock was very great. On May 30 and 
31, by wliich time growth was sufficiently advanced to be sure 
of how far back the trees were killed, notes were taken on each 
variety of the three year old stock. The notes were made of the 
ai>])roximate proportion of the tree which was killed, from the tips 
back. 

Notes wer(‘ made on 319 lots of trees, in which were included 
over 300 varieties. 

PERCENTAGE OF WINTER INJURY TO THREE-YEAR-OLD 
APPLE TREES IN NURSERY. 


Killed to near ground. 7.52 per cent. 

Killed back 75 per cent. 19.12 per cent. 

Killed back 66 per cent. 3.76 per cent. 

Killed back 50 per cent. 17.87 per cent. 

Killed back 33 per cent. 13.48 per cent. 

Killed back 25 per cent. 8.47 per cent. 

Tips killed back. 18.81 per cent. 

Not killed back. 10.97 per cent. 


100.00 per cent. 

Of the varieties which did not kill back at all 60 x)er cent 
were crab apple hybrids. 

In 1912 the wuater investigated the injuiy to nursery stock 
from autumn frosts in the nurseries of British (kJumbia where 
in some parts they are veiy sul)jeet to sharp frosts while the 
wood of the trees is still very unripe and the leaves green. The fol¬ 
lowing notes were taken on October 24, 1912, on two year old 
trees which had been dug after 13°F. of Frost and stored in a 
cellar. 

10 Esopus Spitzenburg,—all showed discoloration 
just below^ the cambium (within a foot from the ground) 
and one of these showed slight bursting of bark. 

10 Yellow Newton,—all showed discoloration from 
base of trunk to one foot up. 

10 Northern Spy,—9 had no discoloration. 1 showed 
slight discoloration. 

10 Wealthy,—none showed discoloration. 
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10 McIntosh,—9, no discoloration, 1 slight, and bark 
raised a little. 

Trees were examined in nursery where 12 Wagoner trees 
showed discoloration within one foot of ground. In another nur¬ 
sery the only variety which showed discoloration after nine de¬ 
grees F. of frost ^tas Yellow Newtown. In another nursery where 
there had been 22‘^F. of frost on November 12, the previous year 
yearling trees had been liadly injured being killed back or black 
hearted. In 1915 an apple orchard was set out at the Experi¬ 
mental Station, licnnoxville, Quebec. The trees grew late, and 
13^F. of frost on October 25 caused the bark of the trunk of a 
number of trees to burst. These examples of injury to nursery 
stock are given to show that injury to the wood occurs even in 
autumn before very h(‘avy frosts. 

From our observations there ar<^ various stages of discolor¬ 
ation, from a slight br(n\ning just beneath the cambium to brown¬ 
ing of the whole sap wood, or season’s growth, the cambium still 
remaining alive. Yet again the injury is so great that the cam¬ 
bium is killed and there is comidete killing back. Young trees 
growing vig{)rously may have the young wood discolored by frost 
year after year and yet not be killed liack. 

It may bo that th(^ sidons taken on December 5th and Otlu 
1917, had lieen injured to some extent by the 8® below zero in 
Novembei*. as much less frost than this, as has bech shown, causes 
injury. Returning to the injury to the apple ti*ees in the orch¬ 
ards at the Experimental Farm, Ottawa, trees from twenty-five 
to thirty years planted of such hardy varieties as Oldenburg 
Antonovka, Wealthy, Haas, and others were killed, but in all 
cases except one th(‘sc trees had; bo'nie a good crop of fruit in 
1917. In the casc» of tenderer varieties, such as Scott Winter, 
Roseau (Red Canada), McIntosh, Wolf River, and others, trees; 


Variety 


Row and Tree 


How affected by the 
Winter of 1917-18 


Yield, 1917 


Wealthy 


Row 8.. 
: 8 .. 
i ** 8.. 
“ 8 .. 
“ 8 .. 
“ 8 .. 
“ 8 .. 
“ 8 .. 
“ 8 .. 
« 8 .. 
‘‘ 8 .. 
“ 8 .. 
** 8 .. 
8.. 

‘‘ 8 .. 
8 .. 


Tree 1 & 2 
“ 3 
4 

“ 6 
“ 6 
« 7 

8 ' 

9 ! 

10 
11 

« 12 
“ 13 . 

« 14 
« 16 
46 

« 17 


No killing back 
Killed 

No killing back 
Killed 

No killing back 

Badly injured 

Died in a previous year | 

Badly injured 

Badly injured 

Killed 

No killing back 
Killed 

No killing back 
Killed- 

No killing back 


No crop 
42 gallons 
3 gallons 
33 gallons 
3 gallons 
45 gallons 


35 

16 

30 

10 

19 


gallons 
gallons 
gallons 
gallons 
gallons 
No crop 
27 gallons 
No crop 







WINTER INJTTRY IN CANADA 


17 


of beariiiff age which had borne light crops the previous year, 
wo]*c killed, although some of those killed had borne good ero|js, 
and other varieties evidently tenderer had borne no fruit in 1917. 

Ecjturning again to the Wealthy apple of which there arc 
more trees at the Experimental Farm than of any other variety, 
taking one row of trees planted in 3896, it is interesting to note 
the relation of winter killing to the crop of the previous year. This 
was an outside row on the north side of the orchard. Tree 1 had 
died some yeai's before, and tree 2 was in bad condition before 
winter, so they are not included. 

Thus of 14 trees, the eight which bore a medium to good crop 
in 1917 were either killed or badly injured, while the six which 
had either a light ei'op oi* no crop, all came through in -good con¬ 
dition. This outside row on the noith side suffered much more 
than any other, as there were only three trees out of the remaining 
seven rows that were killed. 

Following is the eondition of tiws in another row of Wealthy 
planted in 1909 on a rather low, moist piece of ground. Trees I 
to 11 were not killed back, and are marked as wintering well. 
They had borne crops of 1, 3, 12, 1, 0, 0. 3, 2 and 1, gallons in 

1917.—all light crops except one. The remaining seven trees were 
as follows: 


Variety 

Row 

and Tree 

i 

How affected by the 
Winter of 1917-18 

Yield, 1917 

Wealthy 

Row 

3. 


12 

Not killed 

back 

1 

5 gallons 

1 

tt 

3. 

ft 

13 

Killed 


1 20 gallons 

** 

ti 

3. 

tt 

14 

Not killed 

back 

j 2 apples 

tt 

tt 

3.. 

tt 

15 

Killed 


i 1% gals. 

u 

1 tt 

3.. 

tt 

36 

Not killed 

back 

i 3^ gals. 

tt 

i “ 

3.. 

tt 

17' 

Killed 


1 gal. 


In this group of six trees only one tree had a good crop, and 
this was killed, but two others with light crops in 1917 were killed 
also. As already slated these trees were on low ground, the 
ground being lowest from tree 12 to 18, where winter injury oc* 
cur red. One could obtain more evidence in these oi*chards to 
show that trees on low ground were more subject to winter kill¬ 
ing than on the higher ground. 

Nearly all the domestic plums were killed or badly injured, 
but few of the American varieties were affected, and these bore 
a good crop in 1918. Russian pears such as Bessemianka and 
Kurskaya, which had stood the winter of 1903-4, were badly in¬ 
jured. The few Morello cherry trees in the orchard were killed. 

While the injury at Ottawa was confined to the killing of 
top and trunk, no root killing having been noticed, in other parts 
of Ontario there was root killing, splitting at the collar, bark 
splitting, and crotch injury. 
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WINTER INJtJRY IN NEW YORK STATE DURING 1917-18. 

♦ By W. II. Chandler, Cornell TJnivcrsiiy, Ithaca, N. Y, 

Before bop^imiinjr a diseassion of llie injury tliat oecnrrod 
(luring* the winter nii<icr eoiisideration, brief mention slionld bo 
made^ both of the nature of the preceding' summer and of the 
Avinte]'. The gi*owing st^ason of 19.17 uas one of the shortest on 
ivcord. Thus while at Itlun^a, JShnv Vork, fruil trees will gon- 
(U'aiiy have reacdied full bloom by the iniddle of ^lay or earlier, 
full bloom of the a])p]e o]i that year was from dune 3-5, of the 
]>ea('h from dune 2-4, and of Ihe pear from J\lay 28—dun(‘ 1. Yet 
there was a vejy heavy frost on Sc])tember 23. and free.z(‘K by 
Octolx'i* 10 that killed tlie foliage on jiiajiy fi'uit tree's, including 
sojno of the ai)i)les. Tlie se^ason \\as thus at least three Aveeks 
shorler than normal. In addition t(» that the temperature through¬ 
out most ot‘ the sunmicr in many s(‘Clions was Ik'Ioav normal, and 
the rainfall v(']*y heavy. Thus the Avood went into a\ inter in a 
])oor]y ripened condition. The wint(‘i* ils(']f Avas of coui’se extr(iine- 
ly cold and tin* dui'atiojl of the cold ])eriods Avas gi'eat. It is pos¬ 
sible that the feature of the Avint(n* thal deserves most consider¬ 
ation is the fact that the (‘xtreme (‘old came early (Ileeemher 30), 
1 liaA'c shoAVJi (dsc'Avhere that thej*e seems to be a gradual inc.roas- 
ing of hai'diness thi'ough the Avinler. It setmis then that since this 
cold i)ei’iod came early, it did more haru] than it Avoiild have done 
had it (uime as late as Februajy. The Aveather was below fi’oezing 
(liii'ing nearly all of December. Unless the ripening i)rocess <^an 
proceed while the yvood is frozen, there could have becui little 
increased hardniess during the month of December. 

During the snmimu* of 1918 most of the sections of N('av York 
Averc visited and the ('fleet of the pre(*eding Aviutei* on the fruit 
trees noted. Of the countries A’isited, Niagara, Orleans, and Mon- 
3'oe, along the southern side of Lake Ontai-io, had the least severe 
AV(‘<athor. The minimum temperatures of the sections nearest the 
lake ranged from about — 7^ to —12^'F., and in this section these 
loAvest temperatures were reached in February instead of in De¬ 
cember. Ill these three counties the i)ea(*h Avood Avas sufficiently 
injured, that in very many cas(\s, perhaps in the majority of 
(*ases, the growth during 1918 was somow'hat weak. Some of the 
buds were killed, but not nearly all. The ismall crop of fruit AA'as 
due. as largely to the fact that very few buds had been formed the 
season before as to the winter-killing. In fact, if there had been 
a normal set of buds it is probable that there would have been 
nearly a normal crop. So far as observations indicated, the ten- 
dorest tree and wood and bud was the J. H. Hale. The new va¬ 
riety, Rochester, had very little injury’’ to the wood, and set the 
heaviest crop observed in the state during the year. There was a 
considerable amount of injury to the sap wood of pear trees, par¬ 
ticularly the wood of the spurs. The thicker the spurs had grown 
during the summer of 1917, the greater the injury. Throughout 
the three caunties, a small amount of killing of the sapwood in the 
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spur8 was to be observed in the ease of Baldwin, Greening, and 
Tompkins lOng apples. At one orchard near Madina, New York, 
Hubbardston apple frees in good condition except that they had 
borne a ho^vy crop in 1917, were seriously injured, some of them 
almost entirely killed. In Wayne County, one of the four ex- 
(iellent fruit counties along the Great Lakes, Ihe temperatures were 
lower, ranging, so far as we could learn, around —20'^F. The 
same or slightly lower minimum tomjmratures prevailed in some 
of the other counties in Western New York, ])articiilarly Ontario. 
Here peach trees were badly killed, some excellent orchards being 
ejitirely ruined.' The older th(‘ trees, and the heavier the crop in 
1917, apparently tlie worse the injury. One, two and three-year- 
oUi trees generally recovered rather well. Sweet chejTy trees ap- 
pea7Td to be in better conditio)) when the}^ first sta)‘ted growth 
in the si)rhig, but later showed soi*ioiis injury. In fact, they were 
])ut slightly hardier than peach tre(‘h. A very large percentage of 
the sweet cherry fruit buds also were killed. In (*ase of quinces, 
1hei*e was much killing out of the twigs, but apparently the older 
wood was not seriously inju)*ed. iVngouleme ])eai’ trees were very 
largely killed, and Bartlett, Bose, and Kieffer, veiy badly injured, 
j)HTlicularly in the sapwood of all parts. There w\as much injury 
to Ihe wood of both young and old trees of Baldwiji, lihode Island 
Gi’eeiiing, Tompkins King and Ilnbhardston apples, Baldwin gen- 
<M*ally suffering the worst. In the east of old trees, however, there 
W(‘re many instanees where trees of one of these other varieties 
suffered w’^orsc than Baldwin, provid(‘d the 1917 crop w^as heavier. 
The Bou Davis, Northern Spy, and Tw^enty Ounce sc^ldom woT*e in¬ 
jured in this section. At Ithaca, the temperatures Avei'e four or 
five d(*greos lower than in the section just discussed. Peach trees 
were injured of course more severely, in fact the wmod was en¬ 
tirely black and there was much browming in the bark. It seemed 
im])ossible for any growth to start from such trees, and yet less 
than 20 per cent of the trees failed to make a considerable amount 
of growth, and more than half of them seem worth retaining. 
Trees in this condition made veiy much more growth and in every 
W’ay recovered much l>ctter when fertilized early in the spring 
with about four pounds of nitrate of soda to the mature tree. 
While the sweet cherry trees did not show" quite so much browning 
in the wood and tstarted growth better in the spring, more than 
half of them died during the summer. The permanent loss wa^i 
thus gi*eater than wdth peach trees. More than 75 per cent of 
the fl()wer buds w^cre killed. Of the hybrids between the sweet and 
sour (iherries observed, SUiine Hortensc and May Duke showed 
some injury, with a resulting weak 1918 growth, while Eugenia 
wa^) not injured in the least. The injury to pears was slightly 
worse than that described for the above section, but not a large 
number of trees was entirely killed. There was injury to Wickson 
and a few other unimportant triflora plums, but none to wood or 
buds of Burbank or Abundance. There was some wood injury 
to Bradshaw, and a consierable number of buds were killed in cam 
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of Reine Claude; but domostiea plums were g^eiierally only slightly 
injured. The injury to apple trees was slightly worse than that 
mentioned for the seetions a!)Ove. In addition to the varieties 
there diseussed, there was slight injury to Jonathan and Red Can¬ 
ada wood, though not enough to be of importance. Wood of 
Esopus, Staynum Winesa]), Fall Pippin, Fallawater, and Winesap 
was rather seriously injured, l)ut except in case of Fall Pippin not 
so badly as Baldwin, (xreening and Tompkins King. The rainfall 
in this section was very heavy practically thj‘oughout the sum¬ 
mer before, and particularly in late summer; and in case of both 
apples and pears anything that favored growth increased tender¬ 
ness. Thus young trees in soil so wet that they made no growth 
came through the winter in better condition than trees in well 
drained soil. The latter of courst made exceptional growth. In 
this section there was sometimes killing of the bark in the crotches 
of six to ten-year-old Northern Spy trees; but there was little or 
no injury to Ben Davis, Winter Banana, Wealthy, Twenty Ounce, 
Fameusc, McIntosh, Oldenburg, or other Russian varieties, or to 
any of the Pyrus baccata x Pyrus malus hybrids. Of course there 
were other varietic'S also that were uiiinjured. In Oswego County 
the tcm])eratures seemed slightly lower than those at Ithaea, and 
the injury was perhaps slightly worse. The croteh injury to the 
Northern Spy trees was very serious, and both Northern Spy 
and Wealthy trees that had borne heavily in 1917 wei*e badly in¬ 
jured, Many large* Baldwin orchards were entirely killed. In the 
Champlain region and some adjacent counties the temperatures 
were —30^1^., and sonu'times a few degrees lower. Here even the 
Fameuse apple, where the trees had borne heavily in 1917, was 
badly killed. The same was true of Wealthy and Northern Spy, 
The Ben Davis killed Aery badly here. The killing seemed Avoi’se 
in the sapwood toward the base of the branches, not being nearly 
so bad in the twigs or spurs as in the case of the Baldwin and 
Rhode Island (Treening. Fameuse proved decidedly less hardy in 
case of ))oth old and young trees than McIntosh. Only the slight¬ 
est injury in the spui’^ Avas observed in McIntosh, and none Avas ob¬ 
served in the case of Oldenburg. In the Hudson River section the 
tempei'atures were about as low as those in Wayne and Ontario 
counties, but the injury to apples, pears, and peaches was decidedly 
less. An exception might be made in the ease of the Baldwin 
apple. In the Hudson River section many trees of the Baldwin 
bore a heavy crop in 1917, and these Avere badly injured. Unlike 
most of NeAv York, the weather of this section was very diy 
during late summer and autumn of 1917. This probably explains 
the greater hardiness of the wood. In very sandy land in this 
section, there Avas much killing of the roots of both pears and 
apples. Trees so injured would generally make a good start and 
then suddenly die. The only seriously injured McIntosh trees 
found in the state were those in this section, where the roots had 
been killed. 
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A brief discussion in a general way concerning the nature of 
the injury observed would seem worth while. As to the tissues 
most readily killed under average oonditions the first was the 
sap wood as suggested above in some varieties uotcably Rhode 
Island Greening apple and nearly all pears. The tenderest sap 
wood was found in the spui*s. In the warmer sections this was cer- 
tainly true of most apple varieties. On the other hand, the sap 
wood of Ben Davis was most tender near the base of the branches. 
In case of those trees where the sap wood in the spui’s and -twigs 
was injured worse there was nearly always marked improvement 
during the summer with slariingof vigorous growth some distance 
Jiaek from the ends of the small branches. In the case of Ben 
Davis, however, where the injury was at the base of the branches 
the })eginning foliage was not small like that of the trees with 
the sap wood injury in the spurs, but was practically normal. 
The foliage, howevcj’, suddenly wilted later in the summer, thus 
instead of improvement as shown by the others there was sudden 
death or at h'ast very marked decline. In the case of the larger 
])ranchos the injury to th(* older layers of s^ip wooa was gr(?ater 
than that to the younger layers, say 1916 and 1917 growth. Treeir 
with sap wool injury only, exce])t in (*asc of Ben Davis just men* 
tioiied nearly always showed marked improvement as the season 
advaueed probably following the formation of the new sap wood. 
It would seem ])robable that even nK)r‘e marked improvement 
might 1)0 expeeted next year. The bark is generally more hardy 
than the sap wood, exeeplions, however, are found in the case of 
the bark at the base and on the inner* side of the branch(‘s of five 
to len-year-old trees and on the trunk of medium young trees. In 
ease of trees that have borne heavy erops sometimes the hark was 
also killed in long sti’i})s on the upp(‘r side of a hi*aneh that had 
bent badly under the 1917 load. The cambium, while most tender 
in the growing eondition. is much' the most r*esistant when dor¬ 
mant, thus peach tr*ees with the sap wo(k1 entii*ely black in the 
spring and with much browning in tiu* bark still i*ecovei’od, some 
of them making four .or five feet of growth. It seems that the 
latest for-ined sa]> wood and bark that is not yet fully diffci*entiated 
is also killed. In fact observation in the spring indicated that 
everything was killed. Of coui’se the extr*emoly thin cambium 
layer* is not readily observed. Vei*y often, when the bark was 
killed in the erotehes and on the trunks and inner sides of largo 
branehes it was later found that the cambium had not been billed 
an<l new bark was foi*ming underneath the dead bark. It would 
seem pi*obable, then, that the r*emoval of the dead bark from trunk 
-uid bi*anches should be delayed until toward the end of the sea¬ 
son’s growth. Then, if the cambium had not been kUled seriou-s 
wounds would be avoided. 

So far as results of this winter indicate the peach in wood is 
of course our most tender norihern frmit. In this r^elation it is 
interesting to observe that the apr-icot is not very tender'. Apricot 
trees wer-e uninjured at Ithaca, though the fruits mentioned un- 
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der the discussion of that section were badly injured. A consider¬ 
able number of apricot buds also came through the winter unin¬ 
jured. The sweet cherry is in wood but slightly more hardy .than 
the peach and it does not show the remarkable ability to recover 
after much of the wood has been killed that the peach shows. The 
sap wood of many varieties of pears is but slightly more resistant 
than that of the peach, but like the peach the pear shows great 
ability to recover when much of the wood has been killed. Thus, 
pear- trees whowse sap wood seemed entirely blackened, ripened 
good crops of fruit of normal size. Domestica x>lums were killed 
in the colder parts of the state (Clinton ('ounty) and some var¬ 
ieties of triflora plums were also injured. However, Burbank 
plums were not found injured in wood or bud in any part of the 
state. It is interesting to observe that on preceding winters, 
when the summer before had been drier and longer, Burbank 
plums had been largely killed even though the temperature had 
not been nearly so low. A few sour cherry trees in wet land were 
killed, but no wo<Ki injury and but little bud injury were observed 
this state where the trees were grown in well drained soil. The 
apple varied in hardiness from but slightly more than that of the 
peach in the case of Baldwin to a resistance equal to that of any 
fruit grown in the state except gooseberries and currants in case 
of McIntosh, Oldenburg and others. While blackberries showed a 
considerable amount of injury it was less than that on preceding 
years. The same was true of black raspberries and purple cane 
varieties, while red raspberries showed less injury than on any 
other year under my observation in the state. As to hardy varie¬ 
ties little was learned concerning the peach except that the new 
Rochester peach is one of the most hardy in wood and bud and the 
J. H. Hale is seldom if ever more hardy than Elberta, and is some-- 
times less hardy. Of the sweet cherries Schmidt seemed slightly 
more resistant than others; the vsame seemed true of Governor 
Wood. The most tender pears were Angouleme, Bartlett, Bose, 
Clairgeau and Kieffer. The most resistant Flemish Beauty, Anjou 
and Sheldon. Clapp Favorite is appreciably more resistant than 
Bartlett except for its (Susceptibility to injury to the bark on the 
trunk and at the base of the branches. Baldwin, Rhode Island 
Greening, Tompkins King, Hubbardston, Gravenstcin, Pall Pippin, 
Esopus, and Stayman Winesap are among the more tender varieties, 
of apples. Ben Davis, Northern Spy, Red Canada, Jonathan, 
Wagoner, Twenty Ounce are apprecially more I'e.sistant than the 
varieties of the first list, while Wealthy and Pameuse, when they 
have fruited heavily at least are less resistant than McIntosh, 
Oldenburg and some other Russian varietieis that could be named. 

In the case of the buds we know that the killing occurs on 
a single night and death can be obser%’’ed soon after the buds have 
thawed. In case of the wood we also know that it can be killed 
by a single freezing of a few hours. If the temperature fall be 
rapid the killing will occur at a temperature well above those 
observed during the past winter. Whether the length of the oold 
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period influences tlhe amount of killing we cannot say with cer¬ 
tainty. I do know that within a few weeks after the cold night 
of December 30, certainly before our Farmers’ Week of February 
11, the characteristic browning was observed in the wood. That 
the temperature reached on a single cold night was the determin¬ 
ing factor seems probable, otherwise the effects of air drainage 
should not be so marked, since the average temperature at the 
slightly higher elevation would probably be as low as that in the 
valley. The difference in the amount of killing in, let us say 
Niagara and Wayne Counties, seems to be explained by the dif¬ 
ference of temperature on a single night. Thus, on the night of 
December 30 there was cloudiness near the lake in Niagara, but 
not in Wayne County, and the temperature for that night went 
lower in Wayne tbunty. At South Hero, on Lake Champlain, 
the killing of Baldwin and Greening apples was very bad, while 
at Essex, on the west .shoie of the Lake there was almost no injury. 
It dos not seem probable that there could be a difference in tem¬ 
perature through a long period, though there could have been 
for a single night. 

Tn the maturity of the wood that results in its increased re¬ 
sistance it seems well to emphasize the importance of the foliage. 
In every case observed where the leaves had been removed in 
early or late summer by insects or spray burning there was serious 
killing of the wood. In high headed young trees the trunks, near 
the base, (farthest from the. foliage) were most seriously injured. 
An excellent example was observed in the case of an orchard be¬ 
longing to Mr. George Morse in Wayne County. Some high-headed 
Northern Spy trees about ten years old were top-worked in 
1916 to Hubbardston. During the summer of 1917 the remaining 
Spy branches were removed from a part of these trees. In case 
of these where the high branches had not been removed and where 
the foliage would be thus larger no injury was obsei-ved. In case 
of the other trees, however, while the Hubbardston top was in 
all cases uninjured, the trunk showed much injury. This injury 
was much the greater at the base of the trunk and was less serious 
higher on the trunk towards the foliage. In a few cases the re¬ 
moval of a branch planly resulted in the killing of the bark on 
the trunk or branch from which it had been removed, the removal 
having occurred during the spring of 1917. The inner portion of 
a branch nearly always contains less foliage and both bark and 
wood are nearly always less resistant. In all orchards observed, 
branches on the old trees which had been so shaded that they 
contained foliage only on weak twigs at the extreme ends, were 
killed even when the remaining branches were uninjured. All 
these observations indicate that something must come from the 
foliage during late season that results in a change, perhaps in the 
nature of the protoplasm such that it becomes more resistant to 
freezing The effect of a heavy 1917 crop on resistance seems to 
throw light upon this subject. In numerous orchards throughout 
the state trees that bore a heavy crop during 1917 were killed en- 
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tirely oi* injured very badly while adjaeent trees of the same var¬ 
iety and growing undei* the same conditions, but having their off 
year in 1917, were uninjured. It seems then that the fruit must 
have taken something that would have gone from the foliage to 
ripen the wood. That the inner sap wood furthest fi»om the pholoin 
containing the downward moving material which has been elab¬ 
orated in the leaves should be more tender than thai near the 
surface seems in line with this theory, it would seem that the 
material from the leaves which ripens the wood would more slowly 
reach this hiner sap wood. 

WINTEE INJURY TO FRUIT TREES IN NEW JERSEY. 

By M. A. Blakk, Experiment l^iatioiu Brunswick, X. J. 

The winter of 1917-18 was the most severe experienced in Now 
Jersey since official re(*o7*ds have been kept. A light snow the 
latter part of November was followed by a “cold wave'’ and tem- 
per*atur(‘s below n.ormal pi*evaded for weeks. As soon as weather 
conditions became favorable to growth of ))lants the form and ex¬ 
tent of winter iiijuricvs ])ecame apparent. The flower buds of peach 
trees were completely killed in counties north of Middlesex, except 
in a few well elevated orchards in noi’thern Mercu'r and Monmouth 
counties. Along the coast in ^lonmoiith county enough buds re¬ 
mained alive foi* a fair crop of ]»eaches, but inland a short dis¬ 
tance the crop was a failure. In Builington county and south 
the percentage of ))ud killing was veiy low and later it was neces- 
.sary to do considerable thinning of the fruit. No bud killing was 
observed upon cither ])ears oj‘ ap])les anywhere in the state. 

Bud killing was almost com])lete upon the AVickson plum at 
the Kx])eriment Station at New Brunswick, but sev(*i*al hardy seed¬ 
lings from the South Dakota Kxperijnent Station bloomed finely, 
fane fruits suffered consideralJe iiijury in central and northern 
New’ Jersey. Among A’arieties of blackberries at the Hxperiment 
Station, Snyder showed the least injury. 

A slight amount of ba7*k spliting occui’red upon the trunks 
of apple and ])each trees throughout the state, (iravemstein ap¬ 
peared to be the variety of apple most affected. 

Th(‘ most severe form of winter injury occuri'c^d to peach 
trees and was of an unusual nature. As the trees started to put 
forth into leaf they were often too yellow in color and some tj'ces 
immediately died. An examination of these show’od that the bark 
w^as killed upon the main I’oot and upon the side roots to a depth of 
12 to 18 inches and outw^ard from the center to from 12 to 24 
inches. Injury to the bai’k of peach trees about the collar and 
upon th(‘ main I'oot is not uncommon in New^ Jersey, but 7 *oot 
killing of the form and extent descril)ed has never been noteil 
]>revi()usly hy the horticulturist. 

This form of injury occurred as far south as fumberland 
county wluwe bud injury was negligible. The trees which were 
hilled were mostly upon the very light sandy soil types and upon 
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knolls or diy areas. It was apparently the result of *‘dry freezing’’ 
of the bark and roots near the surface of the ground. 

Injuries of a similiar nature occurred to apple trees to a much 
less degree. Varieties such as Gravenstein, Tompkins King. 
Grinies and Baldwin suffered most. The injufj" to apples was not 
confined to the light soil types, but was equally severe upon the 
medium loam soils. 

Collar injury of the u.sual type was also prevalent upon 
apples. 

It is the observation of the writer that the A’arieties of peaches 
and ap])les which suffer most from collar rot and root iiijuiy near 
the trunk are those wdiich are easily excited into growth during 
Avarm yn'^riods in winter and which make an early start in spring. 

This is typical of Elbei*ta among peaches and it is one which 
suffers severely from collar injuiy in New Jersey while Carman 
is I'clatively immune. 

Cravenstein, Tompkins King and Baldwin arc varieties of 
apple that are easily excited into vegetative activity and they are 
among the most susceptible to collar injury. The Northern Spy 
has been known to be a good stock to resist such injuries and it 
is one of the latest to stari growth and to l)loom. 

Tt is believed that if our eommei'aial varieties of peaches were 
])ropagatcd upon lat(‘ starting, wdrite fleshed stock, there would be 
a marked redaction in collar and root injur>'. There is no ques¬ 
tion either alroiil the desiinability of having such varieties of 
ap])les as (fravonst(*in, Tompkins King, Grimes and Baldwin pro¬ 
pagated upon a late starting stock such as Northeni Spy and this 
stock root should bo long enough and planted so that it extends 
lo a point several inches above the surface of th(‘ soil. 

II is well to have har*dy tops upon our fruit trees, but the 
past winter also demonstrated the need of hardy roots. 

' WINTER INJURY IN INDIANA. 

By dosionn Oskamp, Expiritmnl Sfaiion, Lnfaj/iH(\ hid. 

The Amn.K. 

The winter of 1917-18 was the til’s! time on record that apple 
trees in Indiana have been so genei’ally injured l)y hnv temper^a- 
tures. The killing was largely in the bai’k and sa])wood of the 
trmnks and main limbs on the southwest side of the 1rec\s and w^as 
particularly bad in the crotches, Tr’ees from thioi’ to fourteen 
years old suffei*(Hi most, although the loss for the state as a whole 
IS probably not over three per cent in trees of this age. The loss 
in old orehai’ds is still less. 

There are so many factors contributing to winter injuiy that 
it is many times impossible to explain w^hy certain trees killed and 
others did not . Eliminating the anomalies it is possible to arriA^e 
at certain tiaiths by considering a great number of cases. One 
of the outstanding factors contributing to winter injury was the 
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temperature as influenced by elevation. The low spots invariably 
experienced the greater killing. In traveling over the state one 
could not help but be impressed by the frequency with which cer¬ 
tain varieties were damaged. Baldwin, Stayman Winesap, Ben 
Davis, Northern Spy, York Imperial and Jonathan suffered most, 
about in the order mentioned. Northwestern Greening and Deli¬ 
cious on the other hand stood the winter perfectly. Other var¬ 
ieties such as Grimes Golden, Winesap and Rome Beauty showed 
some isolated cases of injuiy, but not suflSeient to consider them 
as at all tender. The condition of the trees was also a contributing 
factor and as innumerable things such as season, culture, pruning, 
fertilization, parasites, root stock, fruiting, etc., may affect the 
condition of the trees, there was ample opportunity for a wide 
variation in response. In this state the summer preceding was 
such as to make for greater tenderness. The season was short, 
cool and wet and it is probable many trees failed to properly ripen 
their wood, hence the killing in the trunk and main branches which 
would be the last to mature. The earliness of the extreme cold 
probably augmented the damage due to immaturity. Tempera¬ 
tures as low as that prevailing the past winter have been ex¬ 
perienced in this state before, without severe injury to orchards. 
It will be worth while here to include a brief summarized state¬ 
ment of weekly minimum temperatures experienced on the Laurel 
Upland plots during the winters of 1911-12 and 1917-18. Prom 
Table I it can be seen that the minimum temperature was even 

Tabije I. 


Weekly Minimvrn Tempernturcfi—Laurel Upland Plots, 


Week Ending 

Winter op 

1911-12 

1917-18 

December 10. 

+13°F 

-lO'^F 

17. 

.27 

-24* 

“ 24. 

.26 

-2 

“ 31. 

.11 

-16 

January 7. 

-10 

-8 

“ 14. 

-26* 

-18 

“ 21. 

-12 

-24 

28. 

43 

-16 

February 4. 

-14 

-10 

11. 

i 

-12 

-12 


* Occurrence of minimum temperature of the winter. 


one degree lower during the winter of 1911-12. In 1917-18 how¬ 
ever the coldest temperature of the winter occurred about one 
month earlier or in mid-December. The month was also charac¬ 
terized by low temperatures generally, which with accompanying; 














WlSTBB INJITBY IN INDIANA 


27 


clear weather would make extreme differences between the day and 
nipht temperature of the tree body. 

As an example of the importance of the condition of the tree 
in interpreting winter injury phenomena, an experience in our 
Orchard Soil Management Experiment at Laurel may be cited. 
The major plots are two and three acres in extent and are essentially 
a comparison of tillage with winter cover crop; sod with heavy straw 
mulch; sod mulch,—grass raked up about the tree; and sod,— 
grass cut and let lie. Trees which had been permanently in sod 
alone, making the least growth, and with a tendency toward early 
maturity, sustained much less killing than cultivated or heavily 
mulched trees. It should be said that while the trees in sod with 
grass cut and let lie were small, they were making enough growth 
to be healthy. Trees Weakened from any cause frequently suffered 
worse from winter injury. 

The injury manifested itself as brown sunken areas much 
resembling blight cankers. These often involve! one or more limbs 
and sometimes a greater part of the trunk, completely ruining the 
tree in many cases. A sparce foliage was common to winter-in¬ 
jured trees, either because of the killing of the bark, the sapwood, 
or both. Early in the summer a line of demarkation was apparent 
at the margin of the injured areas and although the bark was dead 
it frequently protected a suffiicient amount of live cambium so that 
healing progressed beneath. This was particularly the case in old 
trees when the sapwood was not killed. Such superficial injury 
was common in the orchard of Mr. L. V. Doud, of Denver, Indiana, 
and healing has been excellent. 

The Peach. 

Injuiy to the wood of peach trees was very severe, the older 
trees being hurt the most. The bearing acreage of peaches in In¬ 
diana has probably been reduced sixty per cent from this cause. 
Injury was largely in the bark and sapwood of the trunks and 
main limbs on the southwest side of the trees. The periphery of 
the tree was generally in fair condition and even a few live buds 
existed in some cases. Some winter injured trees were as much 
as a week late in leafing out, but this apparently is not of itself to 
be construed unfavorably for such trees 'have often made good 
recovery. 

Purdue Expeiiment Station undertook pruning and fertilizer 
experiments in the winter injured peach orchards. It was felt 
that this was a rare opportunity to ascertain the best treatments 
for winter injured trees. Naturally those trees were selected which 
had suffered material injury. It was impossible, however, to fore¬ 
cast from an examination of the trees early in the season whether 
or not they would survive. The consequence was that our most ex¬ 
tensive plots furnished little or not any data for the reason that 
the trees were so severely injured to start with that they died re¬ 
gardless of the treatment. Likewise those plots that remain are 
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open to doubt, because while careful notes were taken on the con¬ 
dition of each tree at pruiiinjr time, such notes are not trustworthy 
as we have learned by experience. Trees for which no hopes were 
entertained proved to b(' alive and others in which the bark, cam¬ 
bium and sapwood looked to bej in better condition, succumbed. 
Not knowing: the initial condition of the t ree it is impossible to say 
hoAv much the" recovery or dying- as- the case may be, was due to 
the treatment and how much to the previous state of the tree as 
determined by the winter. 

Owing to the small number of trees the results, therefore, are 
not conclusive but simply interesting. Obseiwations on the phe¬ 
nomena of winte]' injury in the field must necessarily be piecemeal 
because of the long intervals between the killing. When all the 
reports are publishinl and correlated it may be that these data will 
fit in and serve to add to our total of knowledge on the subject. 
This is the loiily Ji'ason for i)resentation. 

The pimning ti'eatments iiivolved checks, light, jnodcrate and 
heavy ])runing, and dehorning. The eheeks w^ero left without any 
pruning whatever. Light j)iTining consisted in nxluciiig the oiie-year 
wood about fifty ]>ej* cent by topi)ing and by cutting off at the first 
lateral. In modei’ate ])runing the top of the tree was lowei*ed still 
more by cutting off the taller branches to laterals lower down in 
the tree and by cutting back into two and three-year-old wood. 
It should 1)0 said that lu all the ])ruiiing when largei^ branches 
were removed an attempt was made to leave those branches that 
seemed to bo in the best eondition. Heavy ])runing was still more 
drastic, cutting back into secondary limbs and leaving the top of 
Ihe tree five or six feet tall. Dehorning left only two to three feet 
of the main lim])s. 

The above treatments were given both carhj and lafv. The 
eai’ly ]>nniing was done the s(‘eon<l week in Marel) when the trees 
w(*i'o entirely dormant ; the lale pruning the second week in May. 
In the locality umler ermsideration the siincks are ordinarily shed 
from the young p(‘aeh(‘S by May 1st. The late pruning was. there¬ 
fore. given at the time the growei^s generally engage in such a 
practice. 

Resulis in Orcliurd No. 1. This orchard was only in fair con¬ 
dition as it had not received consistent good care. In 1917 it had 
been cultivated and bore a very light ei‘oy). I^he trees were of the 
Kdbei’ta varietv and planted in the spriiig of 1912. Table JI gives 
the number of trees dead and partly dead under each ti’eatment 
at the end of lh(* 1918 growing season. I^artly dead trees include 
1hos(‘ in Avhich one liml) or more failed to grow, but still having 
enough live Avood to make a tree. 

It is impossible to draw any fine distinction from the above 
data, but for the doimiant pruning the moderate amount seems 
most successful. The greater numl)er of 'ive trees came through 
with no pruning at all. But that this was a mere plot variation is 
shoAvn by the fact that in the late pruned cheek, which, of course, 
had no ]))Tining the same as the early pruned cheek, there was one 
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Table II. 

Effect of Pruning on Winter Injured Peach Trees in 
Orchard .Vo. 1. 


“Early*'- 

-PRUNED WHILE DORMANT 

“Late"- 

-PRUNED 

Treatment 

Total 

Number 

Trees 

: 

Number 

Trees 

Dead 

Number 

Trees 

W 

Total 

Number 

Trees 

Number 

Trees 

Dead 

Check. 

10 

0 

0 

18 

1 

Light. 

11 

2 

3 

7 

1 

Mc^erate... 

10 

0 

1 3 

7 

0 

Heavy. 

10 

2 

4 

7 

0 

Dehorned...! 

11 

1 ^ 

3 

7 

0 


Number 

Trees 

Partly 

Dead 


Iroe dead and two pailly dead out of thirteen. The moderately 
pruned trees hoAvever really made a thriftier growth and a better 
i^eeovery fi;^enei‘ally than the cheek or the light pruning. By Sep¬ 
tember 1 the two later plots had shed many of their leaven, with 
no sign of this under moderate pruning. The heavy pruning and 
dehorned plots were still holding theii* leaves at the first frost 
about November 1. 

Comparing early and late pruning it w^ill be seen that heavy 
cutting and dehorning wci’O particularly disastrous when the trees 
were dormant, but when done in full leaf w^ere quite successful. 
This w^as the outstanding feature of the experiment. The best 
commercial growers advance the theory, which is not without 
reason, that the top with its leaf surface seems to ''puir' the sap 
up through the l>adly injured tissues and it would not generally 
rise otherwise. After the tiop has stai’ted the upward movement 
of sap, then it may be cut away and growth will continue. The 
facts are that in many mature peach orchards which have been 
severely winter-injured, dehorned trees have invariably died. Of 
coui*8e it is not possible for trees dehorned late to grow as big a top 
the same season as trees dehorned early, providing they survive. The 
indications are that if dehorning must be done the chances of- 
success are materially improved if it is done after the trees are 
out in leaf. The moderate pruning was also successful when done 
late and had an additional advantage in that the operator could 
tell the oondition of his trees at that time. 

Interesting observations are still to be made on these trees 
as to how they will respond in fruitfulness and longevity. At 
present the moderate pruning seems to have encouraged sufficient 
vigor and at the same time makes possible a good crop the coming 
year. The trees in most cases are well set with plump fruit buds 
and it will be no small advantage to the grower to have a crop in 
1919. Of course with the severely pruned trees a crop is not 
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l)Dssiblo, but it uiay be that huvinjj praelically a new top they will 
be blotter able to stand laider the strain lof future crops and thus 
inc^'caso their productive life. Whether or not this would offset the 
ehanees for a crop in 1919 is a question. The extent to which these 
winter injured trees (*an recover is problematical. A crop next 
year will si)cll the }*uin of some of them, 'll is I'oasonable to ex¬ 
pect, howevei*. that theij* jj^eneral condition will tend to improve. 

Ecsalls in Orelwrd No, 2. This orchard, in the same nei^^h- 
borhood as the previous one. had had (‘xcolleni manaj^ement and 
the trees worti in a thrifty Cuudition and had borne a lij^ht crop 
in 1917. Tr{‘atiiients were a duplication of early ])runin{af as 
carried out in Oi’chard No. 1 cxct'pt that a check without i)runing 
was omitted. The tre(‘S were eight-year-old El])ertas. The results 
as shown in Table 111 lend to corrolawate the harmful effects of 
severe early ])riuiiug ex[>erieueed in Orc'liard No. 1. 


Table 111. 

Effici of Pruning on Winin' fnjural {Uarh Tnes m 
Orchard No, 2. 


[ 

I Early- pruned while dormant 

Treatment i— - — — - 



Total Number 

Number Trees 

Number Trees 


! Trees 

Dead | 

; Partly Dead 

Light . 

8 

2 

1 

Medium. 

10 

3 

3 

Heavy. 

6 

3 

2 

Dehorned. 

10 

1 

0 


The distiuctiioii between the light and moderate pruning 
treatments is not quite so clear. 

The Fertilizer Experiments, These suffered the same mis¬ 
fortune as the pruning plots,—^too few trees. The results early 
in the season weiv not particularly noticeable except ijossibly a 
slightly better foliage, but later in the season when the check 
trees began to drop their leaves the fertilized trees still had a 
healthy, functioning foliage and the jpowth particularly when 
the fertilizer was used in conjunction with moderate pruning, was 
as much as a foot more in some cases than on unfertilized trees. 
The fertilizer used was two pounds of nitrate of soda on a six- 
year-iold tree applied broadcast beneath the spread of branches 
just before the leaf buds opened. 

WINTER INJURY IN OHIO. 

By W. Paddock, Ohio State University, Columhus, Ohio. 

The winter of 1917-18 was the most severe that has been 
experienced in Ohio in many years. Even the oldest inhabitants 








WINTER INJURY IN OHIO 


31 


oannot remember anything like it. 

The peach growers of the Port Clinton district suffered the 
greatest loss, as fully 90 per cent of the trees above six years of 
age were either killed or so badly injured that it would not pay 
to keep them. 

One striking thing in connection with the injury at Port Clin¬ 
ton was the fact that quantities of fruit buds survived the winter, 
even on trees that failed to send forth a leaf in the spring. Some of 
these buds even sot and matured fruit on twigs that were without 
a sign of a leaf all summer. This was a condition entirely new to 
the writer. ]| would ajipear then that under certain oonditioiis 
th(‘ fruit buds of the X)eaeh are not nearly so susceptible to cold 
as had been supposed. What are these eonditions? 

While no exact experinnaits were carried out, the exxierience 
of ])mctieal growers again dcunonstrates that under Ohio condi¬ 
tions, moderate y)runiiig of frozen peach trees gives better results 
lhaii either severe or very light piaming, or than none at all. 

The formation of frost ejinkers in the erotehes of young apple 
trees is another form of winter injury not entirely unknown, but 
]>y no moans eommon in this state. Fortunately this injury w^as 
not w'ide.spr(‘ad, only a coTn})arativ(‘ly f(‘W oj*ehards in the interior 
of the stale being affected. Tn lone orchard of 60 acres near Col- 
nmhus, 500 seven-year-old trees wore affected, 100 of them so 
severely that they were removed at onee. Many of the others were 
so severely injured that their value was doubtful. Unfortunately 
th<' Stayman Wiiiesap undoubtedly is more susee])tible to this in¬ 
jury than arc most of the other standard varieties. 

Other ineidenls of the wunter were the passing of a number 
of mature Bahhviu trees and the killing to the ground of Catawba 
gi*apc vines in some vineyards. 

WINTER INJURY TO FRUITS IN WISCONSIN IN 1918. 

By J. G, Moore, Zhiiversiiy of Wheoruin, Madisim, Wis\ 

Some winter injury occui^s in Wisconsin eve^^ year. Usually 
it is confined to restricted areas, but occasionally is general. There 
was a very little miore injury to the trees last winter than normally 
occurs. One of our common and more serious forms is that which 
has been frequently called '‘south-west injury.^’ The character¬ 
istic appearance and general location of this type seems to cor¬ 
respond quite closely to that reported by Greene as occurring in 
unprecedented amounts in Indiana and New York last winter, 
with the exception that in Wisconsin the injured areas are con¬ 
fined largely to the south and southwest side of the trunk and the 
inner side of the foundation branches on the north and east sides of 
the tree. This type of injury did not occur in appreciably great¬ 
er amounts last year than commonly. 

Plums were more severely injured than usual; even some of 
the American varieties suffered. One instance of injury of a very 
different type was reported by Professor R. H. Roberts as oc- 
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euri’injy in an orchard of Gano. In this orchard the cnth*e tops 
of the trees were dead, following severe trunk injury, but the 
roots were uninjured. This orchard was located on rather low 
Hat land. 

No root killing, which is another serious form of winter in¬ 
jury in Wisconsin, was rcjiorted as occurring on bearing trees last 
yeai\ Grown grafted chci*ries in which the crown was sot above 
th(‘ surface of the soil, suffered somewhat in locations where there 
was no protection by snow. 

Some nurserymen suffered heavy losses due to killing of stock 
ev(ui to three years of age. Both tops and roots were killed. This 
injury occurred to much greater extent than usual. 

Probably the most serious injury during the winter of 1917- 
18 was blossom bud injury. Tt was particularly severe on cherry 
and occurred to some extent on apples. In the Sturgeon Bay 
section the Eai*ly Richmond crop was practically destroyed. 

THE PRimiNG OP WINTER-INJURED PEACH TREES. 

By A. J. Gi NPKHsoN, I nwersii}/ of Illinois, Cliampaifpi, Ill. 

1NTRODUCTIOK. 

rniisual and prolonged periods of low temperatures in south¬ 
ern Illinois during the winter of 1917 and 1918 resulted in severe 
injury to peach trees. Southern Illinois is rarely visited with a 
temperature of twenty-five degrees* below zero and the affects of 
such low temperature and the resulting injury to poach trees 
(*aused considerabh' anxiety among ]>each growers. Many grow¬ 
ers were at loss to know just how severely their trees should be 
])runed. Our advice was to jirune moderately in the case of both 
old and young peach trees, exceptiinn being made to trees planted 
in the fall of 1917, in which case it was recommended that the 
usual cutting back to whips of June-budded or small yearling 
trees be practiced. The recommendation to ])rune moderately was 
based upon results published in New York State Experiment 
Station bulletin 269 which states that “the results from a mod¬ 
erate pruning were encouraging in the case of both young and old 
peach trees. “ It was felt that these same recommendations might 
properly be applied to conditions in southern Illinois, especially 
since the conditions in the peach growing sections of New York 
during the winter of 1903-4 w^re almost identical to those of 
Illinois during the winter of 1917-18. 

Effects of Winter-Injury. 

Winter-injuiy to peach trees in Illinois during the winter 
of 1917-18 included the killing of the fruit buds, which resulted in 
a complete failure of the crop, and injury to the wiood of dif¬ 
ferent ages, varying from a slight injury to the tissues to severe 
injury and subsequent death of the trees. One-year planted trees 
suffered less than older trees. 
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Internal Symptoms op Winter-Injury, 

The internal symptoms of winter-injury appeared in the form 
of discoloration of the inner wood, varying from light brown to 
dark brown, and the cambium layer turaing a pale or watery 
green. The odor of the cell sap was very sour, suggesting fer¬ 
mentation. These conditions affected the trunk and branches, 
roots ill most cases remaining normal in appearance due perhaps 
to the protective covering of snow. 

External Symptoms of Winter-Injury. 

The first exteinal symptoms of winter-injury appeared in the 
form of shriveled bark which caused lentieles to stand out prom¬ 
inently, giving the bark a rough appearance; also in the form 
of cj’acking or splitting of the tree trunks. A later symptom was 
noted where leaf-buds expanded due to local supply of stored food 
but finally Aviltod and died due to the inability of injured cells 
to conduct sap from the roots. This af)peared on single branches 
a»i<l on entire trees. 

KeLATIVE J)E(iRKE OF WiNTER-TnJTTRY 1n DIFFERENT 

' Sections of Southern Tijanois. 

The degree of winter-injury to peach orchards in southern 
Illinois varied not so much with latitude liecause the low tem¬ 
peratures were (piite uniform, but with differences in vigor and 
iH'althiness of flu* trees, elevation /of the orchard, and the age of 
the trees. Trees devitalized as the result of previous injury from 
))/)!’ers. gumosis. and lack of proper feeding and cultivation, wei-e 
most scv(U‘ely injured and in many eases died. Those located on 
well elevate(i and properly draineil soil showed less serious injury 
than tlmse situated on level land or in ^‘pockets.” In some eases 
a diff(‘r(uice of a ftuv feet in elevation within the same orchard 
caused a marked difference in the severity of the injury. One- 
year ])lanted trees appeared to be injured less than older trees. 
Tlu'se factors and <»onditions and ivot so iiiuc'h the maturity of the 
wood seemed to be res])oiisible for the serious Avinter-injuiy to 
])each trees in southern Illinois. 

\'arietiks iN.nmED. 

Little op])ortuiiity was afforded to study Aviiiter-injury on any 
variety other than Eibcrta and Hale. The former variety is the 
most imf)ortant one grown commercially in southern Illinois while 
the latter has lieen ])lanted to some extent. It has been thought 
by ecu'tain peach growers of the other states that Hale is more 
resistant to low temperatures in the bud than Elberta, but both 
varieties proved failures in this pailieular during the winter of 
1917-18. Hale is a less thrifty grower than Elberta in southern 
Illinois, and showed as much and in certain cases more serious, 
wood-injury. 
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Exi^erimental Projects. 

SeiTious wintei-iiijii]*y to ])eaeh li'ces rarely occurs in southern 
Illinois and in order to lake advantage of the opportunity offered 
to obtain information foi* future reference, investigations were be¬ 
gun to determine a satisfaetoj-y way lof handling such trees. 

A^)ris Orchard, Neooa, Ot'mderland Oocnty. 

The entire Voris peach orchard at Neoga showed serious 
wniter-injury and sevei-al dead trees in the lowest par1,s. The 
trees were tive-year-old Elbei’tas which had, up to date, received 
fairly good care. These stood on level, gi’ay silt loam. 

Foui* rows of ti'ees containing seven trees i)er I’ow were select¬ 
ed and ])rune(l as follows, on March 28, when the leaf-buds were 
out: 

Row 1.—One-half of last year’s wood was removed. 

How 2.—Trees were ‘‘deliojaied” back to within eighteen inches 
01 * two feet of tli(‘ tJTinks. Thrc'e tribes were waxed at the 
cut surfaces and four left unwaxed. 

Row 3.—(dieck, unpruned. 

Roav 4.—Four trees in this row had all of last yearns Avood re¬ 
moved. Three trees AAere pruneil leaving four inches of 
last year's Avood. 

Judging from the diseoloi^ation of the Avood of all the trees 
in this experim(‘nt tin* injiuy ap])eared to ))e veiw s(‘ver(*. Ju the 
ease of row 2 where the trees w(*re **dehonKTr^ tia Avithin eighteen 
inches to two fi‘et of the trunk, it Avas thought that the Avmxing 
of the wounds immediately after ))runing might cheek evaporation 
and aid recovery. 

On July 23, oliseiwations Avere made upon the relative con¬ 
dition of the trees. Roavs J and 4 from Avhieh one-half to all of 
last year s AA^ood respeetively had been removed, were the best 
from the standj)oint -of growth and amount and color of the foliage. 
The check oi’ unpruiied trees w(T(* making a straggling gi'owth and 
presented an unthrifty condition. 

The trees iii'roAV 3 Avdiieh had lieen ‘‘dehorned” Avere in the 
worst condition, practically all the trees, both Avaxod and un- 
Avaxed being dead. The weather, hoAvever, during the summer 
Avas extremely hot and diy and no doubt, this condition was de¬ 
trimental to the recovery of the trees. 

On October 29, observations Avei’c again made to ascertain the 
condition of the trees in the different roAvs. Only one tree re¬ 
mained alive in row 3 which received the “dehorned” treatment. 
This had made the usual heavy growth characteristic of “de¬ 
horned” ])eaeh trees and carried j)ractically no fruit-l)uds. 

Roavs 1 and 4 from which part to all of last year’s wood 
had been removed had an abundance of fruit-buds iiresent on 
strong wood. The unprunod trees in row 3 showed plenty of 
fruit-])uds but these Avere bonic on small, Aveak branches. 
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Popp Orchard, Olney, Eichland County. 

The Poiff peach orchard at Olney showed a variable degree 
of -winter-injury. That part of the orchard well elevated and 
properly drained consisted of four-year-old Elbertas. The rest 
of the trees situated on more level and lower ground were three- 
year-old Elbertas which seemed to show slightly more serious in¬ 
jury lhan the four-year-old trees on higher ground. The soil 
of this orchard is yellow silt loam. 

Block 1. 

f 

Pour rows containing five threo-year-old Elberta trees were 
prtinod in the Mlowini? manner on March 26, when the leaf-buds 
wore out: 

Row 1. Pruned moderately. Last year’s ^?rowth clipped. 

Row 2. “Dehoi'iied,” th(‘ one and two-yeai’-old wood re¬ 
moved. 

Row o. Oii(‘.year-iold wood removed. 

Row 4. Cheek, uiipruned. 

On ^lay 12, those trees from which the one-year-old wood was 
in j)«'jr1 ov en1ir(4y remoA^d, rows 1 and H respectively, were mak- 
iuff the l)(‘st ^?roAvth and carried the best coloi'ed foliagre. The 
trees in i‘ow 2 which had been dehorned” Avere g^rowinj? slowly 
but had ^ood foliagre. Cheek or unpruned trees were making the 
pooirst j^rowth and carried si<*kly yellow leaATs. 

On July 9, the trees in row 3 from AA^hich all of la,st A^ear’s Avood 
Avas removed had made the greatest amount of g^roAvth while the 
trees in roAv 1, AA’hose one-year-old Avood had been clipped Avas next, 
AAuth the trees in row 2 which Avere dehorned,” and those of row 
4 Avhich remained unpruned, folloAvinj? in amount of gjrowth. 
Trees which had been ^'dehorned” AAere reduced so low that much 
of the grrowlh lay on the grround, and Avas, therefore, useless so far 
as its ability to cai’ry fruit in the future Avas concerned. Then 
too, the size Avas grreatly reduced and the g^rovd^h Avas very dense 
and uprigfht in character. 

On October 30 Avhon most of the leaA’^cs had fallen, obser- 
A^ations were made to determine the relatii^e amounts of fruit-bud 
formation on the trees of the different roAvs. The greatest num- 
bei* of fruit-buds developed on the trees in now 1, whose one-year- 
old wood had been clipped; the next greatest number on row 4 
which was not pruned, and the smallest number of buds were pre¬ 
sent on row 3, from which the one-year-old wood had been re- 
moA^ed. Row 2 which had been ‘‘dehorned” dcA^eloped practically 
no fruit-buds due to the heavy primary groAvth that resulted from 
the severe priining. 

The fruit-buds on the trees of nows 1 and 3 were carried on 
strong growth, while those on the unpruned trees in row 4, de¬ 
veloped on small, weak branches. 
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Block 2. 

Five rows of four-year-old Elbertas were pruned in the fol¬ 
lowing^ manner on March 26, when the leaf-buds were out; 

Row'l. Pruned moderately. Last year's growth clipped. 

Ilow 2. ‘'Dehorned," the one, two and three-year-old wood 
removed. 

Roiv 3. One-year-old wood removed. 

Row 4. "Dehorned," the one and two-year-old wood removed. 

Row 5. Cheek, unpruned. 

On Aj>ril 1, one pound of nitrate of soda was applied broad¬ 
cast to three trees in each row for the purpose of studying the 
effects of this material on the recovery of the trees from the effects 
of winter-injury. 

On May 12, the trees in rows 1 and 3 from which one-year-old 
w^ood had been clipped or entirely removed, respectively, were 
making a better ty])c of growth than those in rows 2 and 4 which 
had been “dehorned,” removing one. two and three-year-old wood 
and one and two-year-old wood resT)ectively. The unpruned trees 
in row 5 were making weaker growth at this time. 

The foliage of the trees which had received nitrate of soda 
was heavier and of a darker green color than that of the untreat¬ 
ed trees. This difference was more apparent in the check and 
moderately pruned trees than in the case of those "dehorned." 
On July 9, the rankest growth had been made< by the trees in 
rows 2 and 4 whose tone, two and three-year-old wood, and one and 
two-year-old wood respectively, had been lemoved. The tops were 
very dense and rc'diiced so low that many of the branches lay on 
the ground. The effects of the nitrate of soda were still notice¬ 
able on the check trees and those moderately pruned. 

The trees which were making the most desirable growth from 
the standpoint of amount and spreading habit were those in row 1, 
whose .one-year-old wood had been clipped. The next best ti’ccs 
were those in row 3 whose one-year-old wood had been entirely 
removed. The unpruned trees were better in every res])ect than 
those “dehorned," both from the standpoint of size and shape. 

Observations were made October 30 on the relative amount 
of fruit-bud formation on the trees in the different rows. The 
trees in row 1 whose one-year-old wood had been clipped, carried 
the larg('st number of well distributed, vigorous fruit-buds on 
desij’able small-sized branches. The trees in row 3 whose one-year- 
old wood had been entirely removed had a good many poorly 
distributed fruit-buds carried on wood that vras a little too heavy 
to be desirable. The tops were so dense as to require considerable 
thinning of the branches and consequent removal of many fruit- 
buds. 

Very few fimit-buds were present on the ''dehorned" trees 
in rows 2 and 4. This was due to the fact that the usual long 
and heavy primary gx^owth of branches developed, on which few 
fruit-buds generally appear. 
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Internal Appearance op Wood Tissues at the End of 
The Growing S]:ason. 

Examination of the internal tissue of the wood of both 
branches and trunks was made during November after the grow¬ 
ing season had ended. It was observed that a new layer of sap- 
wood had been formed of greater width in the case of tree trunks 
ihan branches. The heart-wood and pith had assumed a “punky” 
condition, suggesting decomposition. Whethei' such a condition 
will eventually prove detrimental to the productiveness and vigor 
of the trees remains to be seen. In all probability it will not be¬ 
cause of the relatively short life of peach trees. 

Summary. 

1. Unusually low Icmperatures of the winter of 1917-18 
caused serious injuiy to peach trees in .southern Illinois. 

2. Gne-year j)lanl('d trees showed less injury than older 
t rees. 

3. Winter-injury included killing of fruit-buds and injury 
k) trunks and branches. Little root injury developed as the re- 
.sull of below zero temperature. 

4. Discoloration of the inner wood varying from light to 
dark brown was the principal internal symptom of winter-injury. 

7 ). Trees devitalized by borers, gumosis and starvation suf¬ 
fer serious winter-injury. 

(i. Trees located on the lower i)arts of an orchard showed 
moi'c injury than those on the higher parts. 

7. Elberta is the jirincipal coniincrcial variety grown in 
.south('i’U Illinois. Hale is grown to some extent and showed more 
serious wood injuiy than Elberta. 

8. On three, four and five-year-old Ellierta jieach trees, mod¬ 
erate pruning in the form of the clipping back of last year’s 
growth gave the best results from the .standpoint of size, shape 
and openne.ss of flm trees and in the number of strong fruit-buds. 

9. “Dehorning” winter-injured yieach tree of these ages 
jiroved to be a poor practice and was entirely unnecessary. It 
reduced the size of the trees and in the case of five-year-old 
Elbertas in the N'oris orchard, killed the trees. 

10. Waxing the cut surface of “dehorned’’ trees w’as of no 
value. 

11. Nitrate of soda at the rate of one pound per tree in- 
i-reased the amount and color of the foliage on moderately pruned 
four-year-old Elbertas. but was of little value on “dehorned’’ trees 

of this age and variety. << a , 

No pruning at all gave better results than the dehorn¬ 
ing” of three, four and five-.vear-old trees. 

13. Discoloration of the inner wood of I'each trees is not an 
absolute indication of the inability of trees to recover from the 
effects of winter-injury. 
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14. Now sap-wood formed in most cases where pronounced 
discoloration had resulted. 

15. Heartwood and pith of trunks and branches showed 
a ‘‘i)unky'' or decomposed condition in November. 

HARDINESS IN TOP-WORKED VARIETIES OP THE APPLE* 

F>y J. Dorsey, (‘uivcrsiff/ of Minnesota, K/. Paul, Minn, 
Intkoduc^tion. 

The (luestion as to wh(*ther a tender variety is increased in 
hardiness by top-working on a hardy }*oot or* stock has been given 
considerable attention by growers in sections of the country where 
the winter temperatures are low\ Some have contended that by 
this means the question of hardiness can for the most part be 
solved. This question was considered of sufficient importance from 
the bi’ceding standpoi)it to investigate further in material which 
became available at the Fruit Br(‘eding Farm. If a relatively 
ttmdor variety can be (^ar'iied through a severe winter on a hardy 
stock less attention need Ix^ paid to hardiness i]i new' seedlings or 
in introductions. 

A fairly definite wdnter tcniperatui’e range may be expected 
to occur in Minnesota and wffiilc the “test winters’' have been 
some distance apart, they have served as a rude j*emindcr to those 
who have forgotten or ignored the previous exi)erience. The win¬ 
ters of 1872-3. 1884-5 and 1896-7 were especially severe and are 
known in the Northwest as test winters. While the wdnter of 
1916-17 was quite severe, there w^as less injury than in 1917-18 
and it is doubtful whether the latter will rank with the other 
years from the standpoint of the extoit of injuiy to fruit plant¬ 
ings. 

Frosts as wtU as the temperatures below zero may do oon- 
siderable damage to fruits. Consequently the greatest injury to 
fruits does not n(*cessarily come in the northern countries where 
the extremely low' temperatui'es are !*eached. Resistance to low" 
temperature is as live a question in Florida and California as in 
Minnesota. 

Th(^ temi)erature is approximately the same all about an ex¬ 
posed plant, but soni(‘ parts may be hardy and others not. For 
instance, in \ho plum the fruit buds may kill while the wrood does 
not, or as in Aniyf/dalus davidiana, wdiich is one of the hardiest 
of the peach tribe in Minnesota, the fruit buds kill during even a 
mild winter, and while the wood has been considerably browned 
there has been little killing back of the twigs. There appear to 
be certain tissues of the tree then, w"here the injury from the low 
tem]:)eratures is greater than in others. The tender tissues serve 
as the best index to hardiness and the sewerer or test winters 
emphasize the killing at the weakest points. In the apple 

^Published with the approval of the Director, as Paper No. 117 of the 
Journal Series of the Minnesota Agricultural Experiment Station. 
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the wood is severely injured before the buds are affected or the 
twigs show any killing back. This injuiy is clearly seen in the 
marked browning of the wood tissue, and can bo detected in cases 
of slight injury before the vigor of the tree is perceptibly im¬ 
paired. The degree of this broAvming vai’ies with the severity of 
winter and with the hardiness of the variety and can be con¬ 
sidered a most sensitive index of the winter injury. 



Plate 1.—A photograph of a median section of a graft at the point 
of union. The scion (a) is Grimes and the stock (b) is Hibernal. 
Note the darker browning of the Grimes wood beginning at c which is 
the point of union. Compare the browning of the wood of both stock 
and scion with the new spring growth as at d. Above is shown a cross- 
section of Grimes. 

' Tui’iiiJig iKuv to top-working it will l)e seen that the lold ques¬ 
tion (»f stock and scion is again introduced. It is not the intention 
here to entei* into a, discussion of the influence of the stock upon the 
scion. This j*elatioii is of interest now primarily as it affects hardi¬ 
ness. In horticultuivil practice, bearing habit, matin*ily and dwarf¬ 
ing are well known influences of the stock upon the scion. The 
stock, no doubt, has its primary intiuence upon hardiness of the 
scion so far as it influences early maturity. It will be evident that 
if a hardy variety is grafted upon a tender stock, the graft will 
be left stranded when tree or root, as the case may be. is winter- 
killed. The question tlien, may be pul in an extreme form—will 
an otherwise tender variety winter-kill on a hardy stock. 

Winter Injury DuRixci 1910-17. 

The winter of 1910-17 was not ])articular]y sevecc. The 
temperatiir(‘ records are not available for the Fruit Breeding 
Farm, ))ut at Minneapolis, twenty miles farther east, the minimum 
temperature registered at the United States Weather Bureau was 
—25 F., January 15 and Fchniary 2, while a temperature of 
—24^F. was iTaehed December 21, and —15,^ F. on March 4. 

The injury to apples was quite severe in some sections of 
Minnesota a^ul at the Fruit Breeding Farm was sufficiently severe 
to draw a relatively sharp line between the extremes in hardiness. 
The varieties included in Table I were growing under clean cuU 
tivation and generally were not protected from the wind. The 




40 


AMKRICAX SOCIETY FOR HORTIffCLTFRAL SCTKXCE. 


growth conditions favorcnl late maturity so that as far as this 
factor enters the killin«: may have been enij;diasized. 

The dejrree of injuiy was determined by cutting into selected 
limbs about one to one and one-half inches in diameter, thi’ce to 
five annular rings deep with a sharp knife or hatchet. The degree 
of browning-was divided into four classes as indicated in the head¬ 
ing of Table 1. There was as a rule less browning in the bark 
than in the wood and for this reason the wood browning was taken as 
the basis for classification. The degree of l)rowning is greatest on the 
trunk and; large ])ranches and varies but little on the branches 
from one to four years old. Howevei*, care was taken to classify 
the difierent varieties as to the degree of injury, as far as pos¬ 
sible, by selecting lim])s of similar size. 


Tahle 1. 


The degree of wood browning of sixty standard a'pple varieties in 
1916-17. Instead of indicating the degree of mjury of each variety in 
the table by a star or d/tsh, the stock or root upon which it is growing is 
written in. P. baccafa and Paradise were used as root grafts only. 
Patten Greening and Hibernal were used as trunks and where these 
stocks appear in the table it means that the variety in question was 
either budded or grafted on them, hi the ease of those varieties listed 
as being on P. baccata or Paradise roots, the trunk was composed of a 
nu)nber of varieties and is not given. 


Range in Degree of Winter Injury to the Wood 


I 


No Injury 


Slight 

Brown 


Brown 


Dark 

Brown 


Variety 


Aitkin. 

Alexander . 

Anisim . 

Arctic . 

Banana . 

Belleflower. 

Ben Davis. 

Black Den Davis. 

Black Pearmain. 

Brilliant . 

Borovinka . 

Brier Sweet. 

Champion . 

Delicious . 

Delicious . 

Delicious . 

Evelyn . 

Evelyn .. 

Fameuse .* 

Fameuse . 

Fameuse . 

Florence . 

Gano . 

Gano. 

Grimes Golden. 


P. Greening 
Hibernal 

Paradise : P. baccata 
Paradise 

Paradise 

Paradise 

Paradise 


P. baccata 

P. t baccafa 
P. baccata 


P. baccata 
Paradise 
Paradise 
P. Greening 
Hibernal 


Paradise 


P. baccata i 


' Paradise 

Paradise 

Paradise 

Paradise 
P. Greening! 

Hibernal i 


P. baccata 

Paradise 

Hibernal 
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Range in Degree of Winter Injury to the Wood 


V ariety 

ririindv. 

No Injury 

iSi 1 

! 

' Dark 
Brown 

Paradise 

Hibernal 

rjrimdv. 


{ 

. 

Paradise 

! 

HiVi|»T*nal ... 

P. baccata 1 

i . 1 


Hvjl^Viardston . 


Paradise 

IP. Greening 

H ubbardston . 


1 1 

Xowa Tf?f»aiitY. 

Paradise 

Paradise 

P. baccata , j 

P. Greening 

Red. 


Jonathan .. . 

Paradise 

Hibernal 

Hibernal 

king David. 

Lowland Raspberry... 
McIntosh . 

Paradise 

Paradise | 

jP. baccata 
P. Greening; Paradise 
Paradise i 

Maiden Blush. 


Maiden Bhish.. 


P. Greening! 
paradise 


Malinda . 



Martha . 

P. haccafa 

1 


Milwaukee . 

Milwaukee . 

Minkler. 

Okabena . 

P. Greening! 

Hibernal j Paradise 
i Paradise 

P. baccata i 


Oldenburg . 


P, baccata ' 

1 

Patten Greening. 


P. baccata | 

j 

Pyrns hdccdta . 

P. baecaia 


Red Astrachan. 

P. baccata * 


Red Astrachan. 


Paradise 


Ridpath Sweet. 

P. baecata 


<Repka MaJenka. 

P. baccata i 


Rome Beauty. 


Paradise j 

P. Greening 

Roxbury Russet. 


iP. baccata 

Salome . 



Scott Winter. 

Paradise 

! 


Spitzenburg . 

Hibernal 

i Paradise ! Paradise 


Stayman Winesap. 

Superb . 

Sweet Russet. 

Summer Champion. ... 
Tompkins King..^.... 

! 

jP. baccatn 

. j 

P. Greening! i 

: >P. baccata 

; j Paradise 

P. baccata | 


University. 


Paradise i 


University. 


P, haccafa 1 Hibernal 


Wagener .. 


P. baccata j Paradise 

i 

Wagener . 


i Paradise 

, P. baccata 

Wealthy . 


1 Hibernal 

\ 

Winesap. 

Paradise 

j 


Windsor Chief. 

Paradise 

IP. Greening] 

1 

Paradise | 

P. baccata ,! 

i 

Paradise 

Wismer Dessert. 

Wolf River. 

Wolf River. 

1 

t 

1 
















































A summary of data taken on the degree of winter injury to standard apple varieties during the winter of 1917-18, Classification 
in each column is made on the same basis as in 1916-17; namely: no injury, slight browning, medium browning, and dark brown, 
Thefig^ires opposite the different varietws andunder the degree ofbrouming in each column indicate the number of trees of a variety 
upon which observations were made. Where the trunk is the satne variety as the top, the relative degree ofbrouming on each is given. 
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In Table I the first column, headed '‘No injury/^ contains the 
hardy varieties. In only five instances arc varieties classified in 
both the first and second headings and in no case has a variety been 
hardy on one stock and classified und(‘r dark brown on another. 
01denl)urg, Wealthy, and Patten Greening, which arc grown so 
widely in Minnesota, were all slightly injured, and even Hibernal, 
which is iwoininended so generally as a stock, was injui’cd slightly. 
P. baccaia did not brown. Such varieties as Tompkins King, Hub- 
bardstoii, Jonathan and Delicious, judging from these i^esults, are 
2iot sufficiently hai'dy to be of value in Minnesota except in only 
the most protected localities. 

It is also of interest to note that »*ela1ivcly hardy stock has not 
])revented the tenderei* varieties, such as Di'licious or Hubbardston, 
from being injured. The degree of injuiy on two different stocks 
is ill no case widely different, that is, no examp]<‘s have been found 
whcj'c a A^ariety is uninjured on one stock and dai'k brown on 
another. In nine varieties both stocks ai*e written in the table 
under the same degrc'C of injury, in nine under diffenmt but adja¬ 
cent degrees of injury, while in four a single class o!* degree inter¬ 
venes. In the varieties grafted on three stocks the same degree of 
injury occurred on all in two cases, while in the third each stock 
is written in under a different degree of injury. Summarizing 
Table T. it will be seen that, Avith one exception, all degrees of 
injury occur on each of the stocks. Considering th(‘ difficulty of 
consistently classifying winter injury as to degree by the density 
of the bi’OAAming these results are fairly consistent. 

Ill AUCAV of the fact that tlu* oliseiwations as to degr(*e of injury 
in the varietit‘S listed in Table 1 Avere made on a small numlier 
of trees in most cases, the ([uestion enters as to the difference in 
the degree of injury to the same variety on the sanu* sto<*k. This 
point is covered in Hibernal, Avhich has been classified Avith respect 
to the variation in the degree of Avinter iiijurA^ AA^hen groAvn on 
P. baccaia roots. Out of thii1y-eight diffmont trees there Avas no 
broAvning in four, slight browning in twenty-two, eh'V(‘n Avere 
medium broAvn and one dark broAvn. As to injury, Hibernal is listed 
in Table 1 as slightly broAvn. While the evidence on this ])oint for the 
other varieties in Taldo I is not so extensive, it points in the same 
direction. 

Winter Inmery in IfilT-lH. 

Thei'e Avas much greater injun' to apples in 1917-18 in Min¬ 
nesota than foi' a number of yeai*8 iireccM^ling. The fall was dry, 
there Avas less snoAv than usual and the temperatui'es were low. 
This combination of conditions is ahvays dangei’ous to fruits in 
this latitude. 

In com]>arisou to 191 (>-17, the lower temperatures this year 
at Minmapolis .Avere as folloAvs: December 28 and 29, -22° F.; 
January Jl, -25'^ F.; February 1. -25° F., and as late as March 10, 
O'* F. The chief difference between the two years Avas the drier 
fall and lighter snoAvfall in 1917-18. 
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The data on the variety list presented ii\ Table II, pages 42 and 
43, are not presented in the same form as in Table I, but they 
show essentially the same thing, the degree of injury to top-worked 
vax’ieties. Instead of the stock being written in the table, under 
the degree of browning, the number of trees upon which observa- 
tions were made is entered. A larger number of varieties is also 
included. 

From the evidence presented in Table II it will be seen that 
a number of the standard varieties of the Eastern States approach 
the limit of their range in Minnesota. From these data it appears 
lhat some varieties are not as hardy in this state as has been sup¬ 
posed. h\)r instance, Noi*thwestern (Treening, which has been 
planted widely, Avas severely injured in the trunk last year (Table 
II) but only slightly injured in the top. 

The evidence present<'d in these two tables may he briefly sum- 
maidzecl in three statements: (1) when the influence of the Avinter 
is measured by the degree of browning of the Avood it will be seen 
that generally the injury is more scA^ere than is popularly supposed, 
more scA^re in fact than is indicated by the killing back of the 
tAvigs; (2) the smaller branches and limbs of the top show less 
browning than the trunk; and (3) the hardiness of the scion is 
independent of that of the stock and if a hardy stock does have an 
influence upon the hardiness of the scion, it is not sutficient to 
prevent it. fi’om being injured by low temperatures. 

While a broAvning of the wood can be considered as a fairly 
accurate index to the hardiness of a variety, it docs not, except 
Avhere it oeeui’s to a sevei*e degree ne(*essarily ]‘esull in pei’manent 
injury. Nt‘w wood is simply laid <lown around the l)rown area 
and a cross section of the limb .shows a succession of darkened 
circles corresponding to the years of severe injury. 

FRIDAY, DECEMBER 27,1:30 P. M. 

EXTENSION WORK IN HORTICULTURE. 

By W. R. Beattie, Vniied States Department of Agrkultnre, 
Washington, D. C. 

The extension work in hortienlturo as conducted by the Bureau 
of Plant Industry, United States Departinent of Agriculture, in 
operation with the States Relations Service of the Department, in¬ 
cludes all those crops commonly refeiTcd to as vegetable or ‘Hruek 
crops, grown in the home garden and for market. Owing to the 
fact that the connection between the Department and the Exten¬ 
sion Divisions of the Amrious states in this line of work has not 
been fully made, there remains considerable organization work to 
be done. In certain of the states Avhere the trucking interests are 
of great importance projects are already formulated and the work 
well under way. This is especially true in the states whore there 
is an extensive production of crops like Irish potatoes, sweet po- 
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tatoes, early tomatoes, asparagus, cabbage and onions. Owing to 
the urgent necessity for stimulating food production the horticul¬ 
tural forces of the various extension divisions have been compelled 
to devote most of their time 1o the emergency movement. Now that 
conditions are becoming normal greater attention can be devoted 
to the important extension pixijects. The Federal Department is 
limited both as to funds and workers and cannot hope to lend very 
much active assistance to the work in the various states, but it is 
the plan that the Depai'tment’s specialists should work in close co¬ 
operation with the state leaders with a view to systematizing and 
correlating the extension work in horticulture. A certain amount 
of what might })c called survey work must necessarily be done be¬ 
fore the needs of any particulai* indiistiy can be fully met. A good 
example is found at present in that of the tomato canning industry 
and its relation to the iiroduction of tomatoes for canning purposes. 
Another example is found in the matter of ^iroper field methods 
in growing both Irish an<l sweet j)olatoes for storage and for the 
market. In a few cas(‘s the problems arc local and apply to one 
or two states only, but for the most part those problems are of a 
general nature and ap])ly to a large section of the country. 


City ITomk VEr.r.TAniE Gardens. 

During the past year the home vegetable garden has been en¬ 
couraged as one means of increasing our food supply. Owing 
to the shortage of man power the desirability of enlisting the spare 
time of persons who were engaged in manufacturing and mercantile 
lines was realized. It w^as also found that a large area of suitable 
gardening land was available within the corporate limits of many 
of our cities. By mobilizing the idle land and the spare time of 
city people it was possible to produce from $300,000,000.00 to 
$400,000,000.00 worih of food without interferring with the regular 
])roduction channels. These city backyard and vacant lot gardens 
have not only proven a success as an emergency measure but their 
value as a part of our economic system has been fully demonKStrated. 
The results of the city garden movement may be summed up as 
follows: 

First.—The Ijackyard and vacant lot vegetaible gardens, 
planted and tended by city people, have yielded a substantial 
addition to our food supply. . 

Second .—Tho ])roducts of city gardens are the result of the 
enlistment of idle land and spare time that w^ould not other¬ 
wise be utilized. 

Third.—All transportation is eliminated. 

Fourth.—All selling and delivery costs are saved. 

Fifth.—The products come to the table fresh. 

Sixth.—^By having plenty of fresh vegetables the people eat 
less bread, meat and fats, and enjoy better health. 
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Seventh.—The city garden has provided vocational training 
and outdoor exercise for thousands of people who reside in 
apartments and close city quarters. 

The production of vegetables in city backyards and on vacant 
lots is not a fad, but a substantial economic movement the effects 
of which have proven more far-reaching than the promoters of the 
movement ever dreamed. As a result of the city garden develop¬ 
ment thousands of people have become permanent producers and 
their efforts constitute a substantial addition to the creative forces 
of this country. The work of organizing the cities for the garden 
movement is yet far from complete. A survey of a number of 
cities reveals the fact that in no case has more than one-half of 
the available and suitable land been utilized. Of the land now in' 
cultivation fully one-half is being planted to crops that cannot be 
pT'ofitably grown on a limik'd space. The people who cultivate the 
gardens have yet mueh to learn, but withall the results have been 
marvelous indeed. The city homo vegetable garden has co-mo to 
stay and the demand for land is now greater than at any coitc- 
sponding time in past years. 

Two distinct types of organization for home gardening have 
been promulgated. First, that of the city where a central board 
or committee is appointed. Funds are provided either by appro¬ 
priation from the city revenues oi* by voluntary contribution, some¬ 
times both. A garden leader or supervisor is employed and the en¬ 
tire city is organized into groups or disti'icts. Publicity is obtained 
through the local press and the cooperation of all business men 
is sought. 

The othei* type of organization is that of the commercial con- 
coi’ii or manufacturing plant where the employees are organized 
for gardening. Where sufficient land is not available in connection 
with or adjacent to the homes of the employees, a central tract is 
s(‘(Mirod^. ploughed, fertilized and apportioned to the employees who 
would not, otherwise be able to secure land. 

A good example of the city organization is that of Indianapolis, 
Indiana, where the number of war gardens the past year was 55,191 
and the estimated value of the products of these gardens was $1,- 
437,165.00. Already more land has been allotted by the garden 
committee of Indianapolis for use in 1919 than was planted during 
1918. One-half of these allotments are to new people, proving con¬ 
clusively that the interest in gardening in cities is rapidly increas¬ 
ing. Philadelphia, Pennsylvania, has had its Vacant Lots Garden¬ 
ing Association for the past 22 years and this city needed no cam¬ 
paign to stimulate food production when the war came upon us. 
The work in Philadelphia is organized under the Vacant Lots Gar¬ 
dening Association and a paid supervisor with the ne,cessaiy as¬ 
sistants and office help is maintained throughout the year. 

A good example of an organization on the part of manufacturing 
interests is found in that of the Firestone Tire Company of Akron, 
Ohio. During the past season 311 centrally located gardens were 
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planted by the employees of the Firestone (Company. A time clock 
was installed, also a system of keeping accurate record of the 
products grown in the gardens. The total value of the products 
was $6,403.00. The expenses incurred for supervision were 
$1,472.00. The average return from each garden was $20.59. The 
average net compensation ])er hour for the time spent in the garden 
by the employees was 84 cents. 

No accurate figures are obtainable as to the number of emer¬ 
gency home vegetable gardens planted in the United States during 
1918, nor as to the value of the products. It is safe to assume that 
the actual number of gardens was higher than the majority of esti¬ 
mates. A pretty careful survey of the work in Indiana indicates 
that the number of ivar gardens the past year was over 640,000, 
mostly within the limits of cities and towns. The estimated value 
of the products from these gardens was $15,000,000.00. Jn Minne¬ 
apolis, Minnesota, the garden committee estimated that there were 
10.000 gardens within the city limits. An actual check or count 
made by the mail carriers of the city disclosed the fact that there 
were 35,181 gardens in the city, or more than three times as many 
as were estimated. In Marion, Indiana, a city of 27,500 population, 
an actual suiwey revealed the fact that there were 13,041 home and 
vacant lot gardens, or a little more than one garden for every twm 
persons in the city. The State of Ohio reports 102,875 gardens 
with the })roducts valued at $1,922,475.00. In the Oity of C/Olumbus 
alone there were 32,207 gardens planted. Out of this number 
6,438 were vacant lot gardens, and of this number of vacant lot 
gardens only 83 were neglected and not carried thi'ough the season. 

This work of food production on city land by city people has 
not been without its difficulties. Jn many instances the real estate 
owners have declined to allows their land to be used for garden 
purposes on account of possible injury or prevention of its sale. 
The spirit of vandalism has manifested itself in a few instances, 
but on the other hand the movement has been so popularized 
through the press that, the element of the population who under 
ordinaiy conditions would oi>pose a movement of this sort have 
feared to molest the gardens. The value of complete organization 
and leadership has ))eeu fully demonstrated and the results in the 
various states haye been in direct proportion to the organization 
and leadership. The work has been participated in by the exten¬ 
sion forces of the state colleges, by the local councils of defense, 
the business meiUs organizations and in many instances by the 
educational forces of the states. The work has resulted in a broad¬ 
ening of the view-point of city people and a realization of the pos¬ 
sibility of feeding themselves from their own back yards. If no 
other result than this were obtained, the small amount of money 
that has been expended in the promotion of this enterprise has 
been well spent and has already returned 500 per cent on the 
investment. 
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With the return of horticultural extension activities to normal 
conditions it is the plan to so direct the work that the various state 
forces will be working along parallel lines and in a more coordinate 
manner than in the past. Extension problems that formerly were 
local in their scope have now become of a sectional and often of a 
national character. The production of oci-tain classes of food has 
been extended both as to time of delivery on the markets and 
sources of production and there is need for a closer working rela¬ 
tion between the interests of the North and South and East and 
West. 

EXTENSION SEBVICE IN POIVGOLOGY IN THE UNITED 
STATES DEPABTItlENT OF AGRICULTUBE. 

By C. P. Close, Liniled dilates Deparhncnl of Agriculture, 
Washington, I). C. 

During the past two years the unusual agricultural conditions 
incident to the war have affected deiuonstratiion work In pomology 
seriously, particularly through the loss of state specialists, and 
incideulally by heading some of those left into the stimulation of 
gardening or sjx'cial truck cro]) work. It may take many months 
to fill the state p(»sitious now vacant, but we trust this will be 
done as rat)i<lly as possible. At present, 21 of the d'l northern and 
westei M slates ami 11 of the I.') southern slates, are cooperat¬ 
ing with the Federal Slates Uelations Seiwice in demonstration 
work in horticulture ami pomology. The amount of funds, both 
federal and state, allotted for this purpose for the fiscal year end¬ 
ing June 30, 1919, is ti! 179,000.00. Some of the states may not be 
able to secuie specialists and thus may not succeed in using their 
full allotments. 

It is the duty and the pleasuie of the Federal Siiecialist to 
becoiiK' acquaintcil with the state sjiecialists and to study their 
problems. In his travels from .state to state he is able to get a 
broad view of the various problems upon which the state special¬ 
ists ai’C working and to gather in the best of both methods and sub¬ 
ject niatej-. The occasional visits to the states arc most helpful 
to 'the Feder-al Specialist and he hopes the state .specialists are 
benefite<l also. It may lie of interest to discuss briefly some of 
the different phases of the work. 

Extension Schools. 

The extension schools furnished splendid opportunity for dis¬ 
tributing extension knowledge. The specialist should fit his sub¬ 
ject to the community needs and be ()uick to “size up” hSs 
audience as to just what and how* much it will stand. He should 
have his subject matter well in hand and present it in plain and 
simple language, hold the iutere.st of the audience, stop when he 
gets through or before if the audienco becomes uneasy. His charts 
should be short and clear cut and contain one main idea with very 
few if anv subdivisions, rather than a jumble of a dozen ideas, and 
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lantern slides should likewise show Ihe special point under dis¬ 
cussion. The aim should be to hold the audience to the lesson be- 
in^ taught and prevent auythinj]^ else distraetin**; their attention. 
Whenever possible the real materials themselves should be shown 
and used as, for instance, pruning tools, ^^raftiii^? and budding 
material, spraying mixtures, spraying ecpiipment, etc. 

Field Demonstr \tions. 

Field demonstrations require tact and .i^ulgment on the part 
of the specialist and the size of the group presemt ma.v^largely de¬ 
termine how the demonslration is to be conducled. Tn a pruning 
or other demonstration, if the grou]> is too large to be handled 
satisfactorily, it may be practicable to divide it into sections and 
thus give more personal attention to a larger number of indivi¬ 
duals. 

The specialist must inspire coutidence by his ability to prune 
or spray by doing it right and should explain each point as tho 
operation proceeds. Working and talking go hand in hand here. 
He must not let his enthusiasm get the better of his judgment if 
something unforeseen and unpreventable interferes with his pro¬ 
gram. A ease in point is that of an eiiergotie young specialist who 
waded through 3 feet of smm to give a i)runing demonstration in 
an orchard half a mile distant from the extension schcxol. Only 
one or two of his audienee stuck to him to the bitter end. and the 
time might have l)een better employed Avith the Avhole audienee af 
the school. 

(Continuity and Location of Demonstrations. 

We f(‘el that the best results follow the practice of having 
the demonstrations fi*om 3 to 5 years in the same place with regu¬ 
lar follow-ui) work during the entire year rather than to have 
single scattering demonstrations with little lor not any follow-up 
effort. A demonstration plot thus becomes a nucleus fj*oin which 
good i)ractices and methods will radiate. A demonstration should 
1)0 continued long enough in a neighborhood to make itself felt 
w^hether this lakes one year or ten. It would be w^ell to get down 
to business on a time basis and drop the single, soon forgotten at¬ 
tempts, which pass for extension w^ork. Then, too, the demon¬ 
strations should bo located where they can and will arouse interest 
and arc easily accessible to every one interested. If an orchard 
demonstration is located in a section devoted to truck m grain, or 
stock, and there is no hope of inducing the community to care for 
fruit trees which happen to be there, then it had better be dis¬ 
continued, Tn such a section small fruit work should be tried as it 
will no doubt become popular w^hen the case of growing small 
fruits has been demonstrated. A demonstration must meet the 
community's needs. 
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Approvei> Lines op Work. 

In planning for work we should consult the wishes of a com- 
inunity and give practically what the’ community wants. If the 
desire is for the most.commonplace things then demonstrate them. 
If the desire is for the highest grade of work then do that. If we 
believe some line of work is vital to a community we should en¬ 
deavor to create a desire for that particular piece of work and 
then do it when requested to do so. 

Some of the approved lines of work are as follows: 

Pruning all kinds of fruit trees. 

Spraying (liquid) all kinds of fruit trees. 

Spraying (dust) for brown rot of peaches and general dis¬ 
eases and insects on apples. 

Cultivation of orchards of all kinds. 

Clover crops in orchards. 

lienovating neglecting orchards. 

Til(^ draining in orchards. 

Fertilizing apple and peach orchards wdth nitrate of soda or 
sulphate of ammonia for quick effects. 

Topworking fruit trees by grafting or budding. 

Thinning fruit. 

Grading and jjacking fruit, and marketing when this is a 
part of the project.* 

Develoj) local markets by local advertising and store window 
exhibits of the fruit. 

P>es1 varieties of fruits for different sections and climatic 
conditions. 

Stai’ting young orchards. 

Exhibits at state and county fairs and fruit show^s. 

('Conservation of fruit by-products (fruit butters, jams, jellies, 
preserves, fruit juices, cider, vinegar, etc.) 

Fruit grading and packing schools. 

General lecture work at public meetings, farmers' clubs, hor¬ 
ticultural societies and schools. 

Landscape work on home gi*ounds. school grounds, parks and 
other public grounds. 

Lines of New Work. 

There are a few lines of new work as follows which might 
be pushed vigorously: 

Bush fruits (raspberries, blackberries, and currants and goose¬ 
berries out of the white pine belt), and strawberries for the farm 
and village home. These fruits can be grown with a minimum 
amount of eare at rush periods of farm work and farmers can and 
will care for them when they cannot or will not spray fruit trees. 

Community spraying. In many sections farmers cannot afford 
to maintain proper spraying equipment for, nor give the necessary 
time to, spraying a few fruit trees. The county fann bureau with 
the aid of the county agent and the state specialist if necessary, 
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should arrange with a competent man in each community to spray 
the farm and village home orchards at a remunerative price to be 
fixed for each locality. This arrangement will be the salvation of 
the home orchards in throe-fourths of our territory. Everywhere 
the wail goes up that home orchards are going out and new ones 
ai*e not being planted. 

Community packing and shipping of apples under the follow¬ 
ing conditions: In sections where a few good varielies are grown 
in farm orchards to the amount of a carload or more of one variety 
in the whole community, and these are largely wasted or sacrificed 
on the local markets, the growers should be organized to the extent 
that they will pick, grade, j)ack and load a car of one variety to 
ship to a good market. 

Sweet cherry i)roduction. The sweet cherry is not holding its 
own over much of the country largely, I believe, because nursery¬ 
men ])iid it on Sfahaleb, instead of on Mazzard roots, thus making 
it short-lived. The trunks also sun-scald in winter, but this can 
be prevented by shading on the southwest side. By using trees on 
Mazzard roots and shading the trunks in winter the sweet (dieny 
industry could be revived. 

Nut trees where climate permits (Persian walnut, black wal¬ 
nut, butternut, hickory nut, pecan) as ornamentals for home lawns 
and farm shade trt'cs as well as for parks, and hazlenut bushes for 
the garden and lawn. The nut trees are as beautiful and ser¬ 
viceable for ornamentals and shade as any other trees and arc 
valuable for the nuts they produce. 

Native trees and shrubs for use in landscape work around farm 
and village homes and in parks. 

Black walnut giwing (in cooperation with the department of 
forestry if such department exists at the state college or univer¬ 
sity). There are hundreds of thousands of acres of rough or 
unused land in the natural range of the black walnut which ought 
to be planted for both the timber and the nut crop. 

Boys’ and gilds’ club work with fruits, particularly the bush 
fimits (except currants and gooseberries in the white pine belt) and 
strawberries. This is one of the most promising lines of fruit ex¬ 
tension work. 

Conclusion. 

General farm and labor conditions will be unsettled for a year 
or two, specialists Avill be scarce, and some discouraging features 
will be in evidence, but we should do our best with the means at 
hand and plan the demonstrations to cover a scries of years and 
become centers of zones of influence from which will radiate the 
best in methods and practices that we are capable of producing. 
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EXTENSION WOIUB: IN POMOLOGY IN NEW TORE. 

By R, W. Rees, Vornell University, Ithaca, N, Y, 

While fruit is grown in all the counties of New York, the real 
eouiinercial industry is confined to definite areas bordering Lake 
Ontario and Lake (Champlain, and to the Hudson Valley. There 
arc of course smaller areas along the finger lakes where some 
farmei*s make the greater portion of their income from fruit. In 
the fruit growing sections fruit is the principal source of income 
and the feature of the farm which receives first consideration. 
Outside the sj)ccialized fruit sections there are a few men who make 
a specialty of fruit, but for the most part it is grown as a side 
line on the general farm and is not a source of major income. In 
such sections when fruit prices are low the trees are left largely 
to the mercies of nature; when pries are high in comparison to 
farm products the trees receive what is locally known as “good 
care. 

Our extension work in pomology may, therefore, be divided 
into two fields. First, that with communities in which fruit grow¬ 
ing is a specialty, and second, communities in which it is of minor 
irnpoi-tancc to the general farming. As a very large percentage of 
the ('ommercial crop is produced by the former class of growers we 

our extension should be primarily with them. 

In such sections there is very little call for demonstrations 
whi(‘h merely show generally accepted orchard practices. Their 
l)rimary interest is in specific local problems and in the funda¬ 
mental principles underlying more general practices. Work in soil 
management must treat on the response of the tree rather than 
h(yw to pl(Hv; in pruning the results are of more interest than the 
la fist improved method of cutting off a branch; in packing, meth¬ 
ods or organizing and operating central packing houses rather than 
how to fa(*e and tail a barrel of apples. 

In some cases we have been able to be of assistance, in many 
we have not iK'cn able to give the desired information. I want to 
I'egister a protest against the type of extension work which is lim¬ 
ited to demonstrating so-called “known factsand to lectures made 
up of statements purporting to be iron-clad rules for growing fruit. 
J f(‘el that if our work is to be of l)encfit to the leading growers it 
must in most cases be in the form of helping them determiiie what 
really arc their greatest pn^blems. followed by work on their solu¬ 
tion." For instance, in Western New York the matter of orchard 
cover crops seems to be an important one, but is one on which 
Ave have veiy little definite information. We hope by running a 
number of carefully planned, long-term field tests, or demonstra¬ 
tions if the tenn is moj'c acceptable, to secure some information 
which will at least point in the right direction. The members of 
the Pomolog}^ Department at Cornell arc united in feeling that 
there are several lines of work ivhich can best be handled through 
long-term field tests where records are carefully kept. We also. 
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foci that this type lof work is within the proper province of ex¬ 
tension activities and of benefit both to iruit growers and the ex¬ 
tension man under whose direction it is conducted. 

In New York all the leading fruit counties have county agents 
who are primarily interested in fruit and who have had good train¬ 
ing for their work. All extension activities are in cooperation with 
them and all local ari*augements made through them. In these 
counties during the past year three lines of work have received our 
greatest attention: 

1. Pruning Demonstrations. These have very largely been of 
a specialized tj^ie, that is, have been given in orchards where some 
special problem is involved. In some instances they are held in 
orchards which were too closely planted and the proiblem is whether 
to cut out part of the trees or whether to retain all and shorten 
in the branches; in other cases pruning top-worked trees; hand¬ 
ling of sc'vercly winter injured blocks, or other special pruning 
problems. Such demonstrations are advertised as specials, and the 
county agent endeavors to notify all men who have these special 
conditions to meet. This type of woi‘k assures a good discussion 
by those present and has, as a rule, been followed i)y satisfactory 
results. 

2. Demonstration i^eJfools. During the winter months the 
five-day demonsti’atioii school seems to be one of the most effective 
lines of (‘xtension work. In our fruit ilemonstration schools the 
departments of plant pathology, entomology, and pomology, are 
represented. Having ten periods of one and one-half hours each 
it is possible to take up the fundamental principles of plant 
growth and their relation to orchard practices in a way which is 
not possible in the single lecture or in the one or two-day institute. 
These schools also give an opportunity for personal acquaintance 
with the growers and time to talk over personal problems. I am 
thoroughly convinced this tyi)e of work is of more value in New 
York than the same amount of time si)cnt in single lectures al¬ 
though not more than one-tenth as many people may be reached. 

3. Central Pacldng Homes. Last spring at the suggestion of 
the county agent in Niagara County, one of our leading fruit 
counties, a conference was called to discuss the leading fruit ques¬ 
tions, and to decide on the one which should receive concentrated 
attention for the year. Two or three growers were invited from 
each community and after discussing a number of questions they 
decided marketing to be their weak .point, but back of this lack of 
uniformity in grading and packing to be the real factor. At a 
second conference of the same men a plan was worked out for a 
county campaign to explain the central packing house as the most 
efficient and hapid means of standardizing their grades and packfe.. 
The campaign was conducted by holding meetings in foui'teen com¬ 
munities and explaining the county packing house plan to local 
growers. In each community the meetings were followed up by a 
local committee which made a survey of the number of men inter- 
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<i»ted, the probable amount of their crops, the available buildings 
or sites for erecting buildings and the estimated cost. Following 
the survey, meetings were held to act on the committee reports. 
As a result at seven shipping points central packing associations 
were incorporated and operated during the past season. These 
seven associations are united in a central county association which 
makes the grade rules and will later look after such matters as 
advertising, transportation, distribution, securing barrels and pack¬ 
ing accessories. 

According to leading buyers the pack from the association 
was far more uniform and of much better quality than that from 
the same area in previous years. The members are not only satisr 
fied but are enthusiastic about the success of the first year's opera¬ 
tion. 

In handling this type of work the extension representative will 
usually need to attend many of the meetings and conferences to 
supply information relative to organization, type of suitable build¬ 
ings, floor plans, equipment, and matters of operation. The county 
agent is the man who is in position to know details of the local 
situation, to know the real leaders and to engineer their appoint¬ 
ment on committees. The success of the work in Niagara County 
was due to the fact that the leading growers were back of the propo¬ 
sition, and that Mr. Peet, the county agent, followed it up very 
closely and straightened out many little difficulties which are sure 
to arise. 

in the other fruit counties the time does not seem to be ripe* 
for launching county-wide campaigns for central packing houses. 
In each (‘ounty there are from one to three communities in which 
organizations will probably be formed and packing houses put 
in operation in time to care for next season's crop. It is always 
easy to interest a number of the i»oorer growers in such a venture, 
but it is poor policy to start an organiziition w^hich does not have 
the support of tho/best men. The strength of an organization is 
limited to the strength of its leader. 

The Non-Fruit Sections. 

As suggested earlier in this paper, outside the specialized fruit 
sections there arc many general faims on which orchards have been 
planted. In many communities these orchards are fairly well cared 
for, but in very many a large percentage of the orchards may be 
classified as neglected. 

I wish to raise the question as to whether thei^e is any method 
of doing effective extension work in neighborhoods where the 
majority of orchards is in a neglected condition. As a general 
proposition, is it advisable to encoui*age increased plantings, or 
increased expenditure on the care of orchards in such sections t 
It has been my observation that the farmer who will respond to 
extension work knows what phases of his farm pay, and concen¬ 
trates on these phases. If his orchard is neglected it is because it 
does not pay. 
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A few weeks a^o I saw two orchards in a good fanning sec¬ 
tion where pruning demonstrations were given last year. The 
demonstrations were well attended, but the brush still lay under 
the trees which were pruned at the demonstration, and not another 
tree had l)een pruned in either orchard. So far as I could learn 
not a single tree had l)een pruned in the neighborhood as a result 
of the demonstration. 

Anyone can point to many special cases where neglected or¬ 
chards have 1>een put on a paying basis. I never have been 
able to find a way through extension 'work to arouse community 
interest and action sufficient to place any appreciable precentage 
of neglected orchai’ds on such a basis. It seems a waste of time to 
do much Avork in such localities when there is more than can be 
attended to with men who are really interested in fruit and who 
are in position to make it pay. 

HOETICITLTURAL EXTENSION WORK IN INDIANA. 

(\ L. BrRKiioiiDKR, Purdue I'nirersiii/, Lnfaycite, fnd. 

The work of the Horticultural Extension Division for the past 
two years has been on somewhat, of a wai* l)asis. A good many lines 
of work have heen followed with the idea rather of encouraging 
quantity rathei* than (juality production, for the time being. It 
is the idea of this pa])er to present bricily the lines of work fol¬ 
lowed, organization and methods of circulating the demonstration 
results in the different localities. 

J^OMOUXJV. 

The major line of w(u*k in the i)ast has been along pomologi- 
cal lines although the truck and vegetable* gardening interests 
amount to s(‘vt‘i’al limes that f)f jxnnology. The recent addition of 
another vegetable gardening man to the division wdll insure more 
attention to this part of the work. Previous to 1917 most of the 
orchard activity' Avas d(‘voted to the isolated meeting type of work. 
A hundred or more y)runing and si)raying demonstration meetings 
\verc e()nduct(‘d (*ach s])i‘ing which lypities this type of w^ork. In 
the summer of 1916 a survey was made of 12 localities where meet¬ 
ings had been h(*Jd in th(* past few years, Biuefly the results of 
this survey wei'c that a spring pruning and spraying meeting, for 
instance in a locality which was not followed ii]) throughout the 
remainder of the season, did not give the most satisfactory results 
and in fact in a few^ cases did more harm than good. 

Accordingly it was decided to put what demonstration wrork 
was to be done on a more permanent basis. Fourteen orchards 
were selected in which the dcmonsti'ation work was to be carried 
on for a i)eriod lof three years. Only counties were selected for 
this work wiiicdi had considerable fruit interest and in which the 
county agent was sufficiently int(‘rested to really take the main 
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responsibility of the work and aid in giving* the work publicity. 
The owner agreed to furnish all equipment and materials and do 
all the wiork under the direction of a representative of the Horti- 
cultural Department. The Horticultural Department promised to 
have a representative on hand to. direct each important orchard 
operation. Most of these orchards became a center for the distri¬ 
bution of horticultural information from the very beginning. Two 
owners failed to live up to their agreements and were dropped. 
The work was very discouraging during the first summer in sev¬ 
eral of the orchards. No interest was shown throughout the entire 
summer until the crop of apples began to ripen in the fall, after 
which interest increased rapidly. 

G. E. Metzger. County Agent in Elkhart County, has made 
fine use of the demonstration orchard idea. He is now keeping 
records on seven orchards in different localities in his county. In 
1917 ho had a mailing list of fifty men who were taking some care 
of their orchards and putting on at least a part of the spray pro¬ 
gram. In 1918 this list had incrcascHl to 357. He leads every im¬ 
portant orchard operation, as for instance 1h(^ different sprays, by 
a circular letter giving a few snappy paragraphs of advice on this 
paiTicular loperation. 

Orchard Club Work. 

One i)rojecl undorlaken in 1918 is woiThy of mention. This 
\vas a boys’ orchard club f>roject carried on in cooperation with 
one of the boys’ club leaders. One of the wspraycr ciampaiiies fur¬ 
nished a barrcil sprayer and full equipment for the work. Ten 
tre(‘S were sehTted in each of the boy’s home orchards. A local 
store furnished sjn’ay material at cost. The sprayer was hauled 
f]*om orchard to orchard in an old spring wagon used as a trailer. 
Tlie boys helped each other apply the sprays. Deducting cost of 
spray materials and 25 cents an hour for all labor and 40 per cent 
of the cost of manure and straw used for mulching the ten tree 
plots netted from $35.83 to $72.94 or an average net per tree of 
$5.49. Every boy plans to buy a sprayer of his own for next year 
and take care of the home orchard. The farm orchard always 
])rescnts a difficult problem for the pomiological extension man. It 
would seem that a comi)e1ent orchard man connected with the club 
depai'tmeiit could do a great deal, not only with the home orchard, 
but with strawberry, raspberry, blackberry, potato, and garden 
clubs. 

Winter Short roiRSE Schools. 

The horticultural depadment has a representative on the 
winter short course staff. This work runs iwm about December 
1st to March 1st. The success of this work depends to quite an ex¬ 
tent on illustrative material. In the past 20x30 inch enlarge¬ 
ments were largely made use of to illustrate each The work 

was given in the day’ time which prevented the effective use of 
the lantern in most cases. The past winter a collapsible box was 
made with a 3x4 fool tracing cloth screen in front. The box is 
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nearly light proof and the picture is thrown on the back of the 
tracing cloth on the inside of the box. This makes a 40-cent slide 
as effective as $4.00 to $5.00 enlargement. 

Landscape Work. 

Very little has been done along landscape extension lines for 
the past year and a half, other than to keep the demonstrations al¬ 
ready established in good shape. 

Vpjgetablk Gardening. 

The main activity along vegetable lines through the waf per¬ 
iod has been to supervise and direct the war garden campaign. 
Early in 1918 a one-week school for prospective‘supervisors was 
conducted by the horticultural department. Later 150 paid super¬ 
visors were placed in 106 cities. In addition 65 cities had active 
garden committees. One man in the division spent all of his time 
in providing timely material for these supervisors and in oon- 
ducting district confei’enees where the supervisors from a number 
of surrounding cities met and discussed their problems. It was 
estimated that there were 640,000 gardens in the state of Indiana 
which produccd$15,000,000.00 worth of fcwxl stuffs. One man is now 
spending all of his lime in organizing the garden work for the 
coming year and is keeping last summer^s city organizations from 
disorganizing. 

Other war time vegetable woi*k wiis a potato seed stock cex’ti- 
fication survey and the listing and sending out of onion seed 
inforjiiation. A potato improvement jiroject is under way for the 
coming summer which has for its object better seed treatment, 
seed selection and spraying. This work is to be conducted in co¬ 
operation with the county agents in the potato counties by means, 
of demonstration plots with the more progressive growers. 

Exhibit Work. 

The summer gardening campaign was followed in the fall by a 
number of pit storage demonstrations. They were put on at the 
state and county fairs and in the cities which had been taking the 
most interest in the garden movement. These pits were made of 
the actual materials in cross section showing the vegetables in the 
pit and the method of construction. Many of these demonstration 
j)its were constructed in store, windows and allowed to remain 
for a week lor more. A supply of storage bulletins was on hand 
lo 1)0 distributed by the storekeeper. 

Quite an extensive display was put on at the state fair show¬ 
ing timely- things along vegetable and pomological lines. In 
pomolog^^ two things were featured; the effect of bees on tJhe 
fertilization and set of bloom; and the effect of nitrate of soda 
on the set of bloom! 
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In the Ml when there was the most to be seen from the sum¬ 
mer’s work in the demonstration orchards, the farmers and grow¬ 
ers were so busy that the holding of meetings was not a success. 
This bids fair in a measure, to destroy the effectiveness of this 
work. However, it was found that window displays in the nearest 
town served, to give the results a great deal of ‘ publicity. The 
plan usually followed was to pick all the fruit from one of the 
uneared for trees and pile it on one side of a prominent stx>re 
window and on the other side of the window, some of the fruit 
from the oared-fjor plots, attractively arranged on trays and plates. 

OROANIZmfi CANHK)USE TOMATO GROWERS FOR 
EMERGEirOY PRODUCTION. 

By R. W. De Baun, Experiment Station, New Brunswick, N, J. 

The tomato growers of New Jersey have been organized less 
than a year, but in this short period of time the organization has 
Siived the growers of canhouse tomatoes an enormous sum of 
money, and the amount of tomatoes produced for the emergency 
need of the anny and navy has been increased many thousand tons. 
This splendid accomplishment wms made possible by the peculiar 
condition of the canneiy industry" in the state and by the excellent 
leadership of the county agents and their associates 

The growers in our little state annually plant about thirty 
thousand acres of tomatoes for the can houses, because the soil 
and climate are particularly adapted for tomato growing. The grow¬ 
ers have always been anxious to produce this crop, as it fits nicely 
into the cropping system on almost any farm. The ground for 
the tomato crop need not be prepared until after the potatoes and 
corn arc planted and the tomato plants arc set at the convenience 
of the grower during May and June. The tomatoes are jeady to 
be picked after the hay has been harvested and early white potatoes 
have been shipped, but bofoi’o sweet potatoes are to be dug, or com 
harvested. Although the groovers have always realized th<at the 
contract prices offered by the canners wT.re ridiculously low, they 
refused to estimate their cost of production. Foniierly their fields 
were rich, and tomato diseases were not so destructive as they have 
become during the last decade. Bitter experience, years ago, has 
taught the producers to grow their crop under contract, so that 
when the usual over supply came they were reasonably sure of 
getting something for their tomatoes. 

The packers have taken advantage of this situation. The con¬ 
tract prices offered the faimiers have been as low as $6.00 per ton 
for first-class red-ripe fruit delivered to the can house. For several 
years, the prevailing contract price was$8.00 or less per ton. The re¬ 
sult was that the growers were actually giving away the fertility 
of their soil, and they were underpaid for their laboT. Finally^ 
impoverished soils and plant diseases began to cause a reduction 
in the yield per acre. Pertilisser and labor became more costly, 
while at the same time the consumption of and demand for canned 
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toniato(‘s rapidly increased. Therefore, the growers who did nol 
contract, found that their product was in demand on the open 
market and the men w^ho had contracted soon realized that the cost 
of production had increased much more rapidly than the contract 
price. Needless to say, the growers became restless. 

Veiy early in the present year (1918) the fanned Foods 
Division of the Food Administration notified the tomato canners 
that the army and navy would require 35 ])er cent of tlieir pack. 
The price which the Government was to pay the canner was not to 
l)e on a cost ])lus 10 per cent basis (regardless of cost) as it had 
been the previous year, but it wms to be based on a fair contract 
price to the grower and allow the packer a fair profit for his 
factory operations. The amount of canned material produced from 
a ton of iTuv material was definitely known and the cost of packing 
could be easily determined. JIowcATr, it w^as a more difficult task 
to determine what would be a fair contract price to the growers, 
because definite and accurate records on the cost of producing the 
raw material were not available for the Food Purchasing Board. 
The farmers had no representatives at Washington, w^hile the organ¬ 
ized canners wore well represented at the National fapitol. Then 
it soon became apparent that the canners w'cre trying to get an ex¬ 
ceedingly low" contract price allowed for the growlers, and the 
fanned Foods Division w^ould never have had an opiiortunity to 
get an accurate idea of the cost of producing a ton of raw tomatoes 
unless the information Avas forced through to them regardless of 
the canners. 

The county agricultural agents saAv their opportunity to be 
of great and definite service in their respective counties 1)y getting 
a fair contract price for their groAvers, and an increased production 
for the emergency needs of the Allies, because the canned tomato 
is a very beneficial and desirable food for use by soldiers as an 
emergency ration in conjunction AAith pork and beans, hardtack 
and coffee, founty agents filled the local papers with discussions 
on the proposed contract prices; they called local meetings in <wery 
* can house community. The situation Avas explained, and immediate 
action w^as urged. The groAvers became enthusiastic and Avere ready 
to do anything the county agent and his associates requested. A 
need for county associations became appaiTiit.' The county agent 
arranged for the meeting place, sent out several hundred letters, 
tacked up postei*s and arrang(*d for s]>eakers. Lai‘ge crow^ds re¬ 
sponded to the call in every cawse. founty Tomato Growlers’ Asso¬ 
ciations were fonned and constitutions wT.re adopted. A member¬ 
ship fee of 50 cents or $1.00 was required. For each association 
an executive committee, composed of fifteen leading tomato grow¬ 
ers, who represented each section of the county, was selected. The 
executive committee of the Amrious county associations worked out 
estimates for the cost of growing and delivering a ton of can-house 
tomatoes in 1918 in their counties. The estimates for the respective 
counties Avere as follows: famden, $24.46; Cumberland, $25.48; 
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Sialern, $25.60; Burlington, $27.68, and Gloucester, $29.54. In 
every case the estimated cost of producing a ton of tomatoes ap¬ 
peared to be very high, but the figures were found to be accurate 
when discussed and aiyi>roved at the next general meeting of each 
association. Local meetings were continued throughout the coun¬ 
ties. The growers responded with enthusiasm. At each community 
meeting the growers were invited to estimate the cost of produc¬ 
tion for their immediate neighborhood. Then their estimate was 
compared with that of the County Association. At every oppor¬ 
tunity, the county agent published the results of the meetings in 
the local newspapers, and the carefully estimated cost of production 
was given publicity in eveiy possible 'vvay. Absolutely no attempt 
was made to have the gi’owers take concerted action and agree on 
a price, because such action would have been impossible and also 
illegal. It was the purpo^ of the county agents and the leading 
growers to make every effort to have the grower's realize what it 
was going to cost them to grow a ton of tomatoes in 1918, because 
ihey Irelievetl there was no reason why anyone should contract to 
I)roduce an article for less than the cost of pi’oduction. Besides 
that, it was the expressed wish of our Government, from the Presi¬ 
dent down, that, all should have a fair margin of profit for every¬ 
thing ])reduced for emergeney use. Within a very few weeks, the 
(bounty Associations united and formed the Federation of County 
Tomato Growers Associations, so that the greatest unity of action 
could 1)<‘ developed. The Federation rejrresented five county asso¬ 
ciations with a total paid-up membership of over a thousand grow¬ 
ers, who had been made to realizt; that their probable, cost of pro- 
duclion would be appi'oximately $27.00 ])er ton. Therefore, there 
was no danger of their signing contracts to produce tomatoes for 
$20.00 to $22.00 per ton, as suggested by the caniiers. 

All this time the interests of the gi’owers in any pai't of the 
country had not been represented at Washington. However, the 
United Slates Food Administration announced that the Food Pur¬ 
chasing Board for the army and iia\y was ready to reeeive tenders 
from packers for canned tomatoes, based on $21.00 per ton for the 
raw tomatoes in New Jersey with graduated lower rates for grow¬ 
ers farther from the eastern seaports. The eanners, ignorantly or 
intentionally, tried to make the New Jersey growers believe that 
$21.00 wms their fixed price. However, the county agents found 
that such was not the case; the New Jersey eanners had simply been 
invited to tender their bids based on $21.00 per ton for raw’ toma¬ 
toes. The eanners’ propaganda work for a $21.00 contract was 
quickly exposed. The organized growers of New Jersey immedi¬ 
ately sent the President of their Federation before the Canned 
Foods Division of the United States Food Administration with 
their cost estimates. This resulted in the Canned Foods Division 
calling a conference of the county agents from Delaware, Maryland, 
and New Jersey for February 25. The cost estimates presented 
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by the county agents represented 89 Maryland growers, 45 Del¬ 
aware growers and 805 New Jersey growers. 

The Canned Poods Division then realized that their proposed 
figure was too low, and on March 15 they found it necessary to 
issue an official statement saying that no packer had been required 
to make a tender to the Government based on $21.00 per ton for 
raw tomatoes, but that they were simply invited to do so, as the 
Food Administration had no authority nor desire to fix the price 
of tomatoes. Soon after that, the New Jersey packers started to 
make contracts with the growers. The ]>revailing price became 
$30.00 per ton instead of a much loAver figure. 

The result of the splendid work done in organizing the tomato 
growers has been far-reaching. The growers have been adequately 
paid for their labor. A conservative estimate of the increase in 
remuneration for the farmers is one million dollars. The produc¬ 
tion of tomatoes was automatically increased at least fifty thousand 
tons for the emergency need of the Government. More than two 
thousand growers were taught the value of ('stimating the cost of 
production, and during this last season 160 tomato growers in one 
county kept accurate account of the cost of producing their crop. 
Above all, the farmers have been made to realize that the county 
agents stand for the advancement of the agricultural interests of 
the county, and that the farmers can accomplish splendid results 
with his cooperation and by means of organization. 

BULB CULTUEE IN THE PACIFIC NORTHWEST. 

By David Griffiths, Ihiifed Staffs Department of Agrwulture, 

Washington, D. (\ 

This was a non-technical discussion of the wmrk of the De¬ 
partment of Agriculture in its experiments in Dutch bulb culture 
at Bellinghanj, Washington. Thirty views of bulb beds in flower 
and the different operations in handling bulbs were thrown on 
the screen. Some lof the difficulties in getting comparable factors 
of yields were i)ointed out, and the merits of basing computations 
on increase in the number of bulbs dug, weight of bulbs, and the 
area of land planted in two consecutive years, were brought out. 

This address will be included in a bulletin on bulb culture to 
be published soon by the United States Department of Agricul¬ 
ture. 

NOTES ON GERANIUM BREEDING. 

By W. R. Ballard, Maryland Experiment Station, College Park, 

Maryland. 

^‘The geranium’’ of the garden is not a geranium botanically 
but belongs to th egenus Pelargonium. The bedding type which 
is the one most commonly seen in this country belongs to the zonal 
race. This is apparently derived from P. zonale and P. ingmnans. 
As a group it is quite variable with a wonderful range of colora 
in the showy flowers. The flowers are of two types, the two-lipp^ 
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with petals separated and the circular with petals broad and over- 
lapping. There are also single and double races. The season of 
bloom is neaidy continuous with most varieties although many of 
the ornamental leaved varieties produce little bloom. 

The Show, or Lady Washington type seems to have descended 
from P. cucuUaium and P. anguhsum. Its limited period of bloom 
and its inability to withstandhot weather conditions have prevented 
its extensive use for bedding puri)ose. The flowers are so large and 
so gorgeous in color that varieties which could be,used for bedding 
purposes would be extremely desirable. Rc‘cenlly an cverblooming 
strain has made its appearance which gives promise of extending 
the sc‘ason of bloom. 

The scented-leaved type includes a number of species. Some 
of these have been important sources of perfumes, notably the rose 
geranium which has furnished an essential oil formerly used as 
an adulterant of attar of roses. 

Another type occasionally seen in greenhouse and conserva¬ 
tory in this countjy is the ivy-leaved section. This is usually re- 
fcTTcd to P. pellaivm. The plants are mostly trailing in habit 
with large velvety flowei\s. 

During the winter of 1907 the wj*iter became interested in 
a study of the geranium in relation to its improvement as a bed¬ 
ding plant. The work here i’eporte<l upon was conducted as a side 
line tio other breeding projects with orchard fruits. While not 
carried far enough to accomplish very definite results, still these 
results and observations seem worthy of record and may serve 
to point out lines of investigation which those with the requisite 
time and facilities might find interesting and profitable. The ma¬ 
terial used in this project consisted of about 125 named varieties 
of the zonal group and a few plants of the Lady Washington and 
scented-leaved .sections. 

Disease Resistance. 

During the hot, moist summer seasons so prevalent in Mary¬ 
land many varieties of the geranium are seriously iujui^ed by a 
leaf spot which spread*^ to the stems and often kills the entire 
plant. Ill oceasional dry seasons practically all varieties flourish 
and bloom profusely. In co-operation with Mr. T. H. Whi^, 
floriculturist of the Experiment Station, a series of tests was made 
to determine the relation of the moist conditions to the prevalence 
of the disease. One lot of plants including nearly 100 variety 
was s(d where the plapts would be protected from rains by 
overhanging eaves. A duplicate lot was set in the open ^ound 
for a cheek. After a three years’ test it was determined that the 
keeping of the foliage dry afforded an almost complete prevention 

of the loaf spot. . . . ... 

In the open ground there was a marked variation in the ability 
of the different varieties to resist the leaf spot. Most of the var¬ 
ieties which are extensively used for bedding have evidently b^n 
selected somewhat in relation to this diseased since they exhibit a 
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marked resistance to it. In addition several varieties not usually 
found outside of greenhouse and conservatory were found to be 
I’esistant. In these varieties, however, the color of the flowers or' 
the type of bloom was not desirable from a bedding standpoint. 
Many varieties with attJ’aetive flowers are so susceptible to dis¬ 
ease that it is impossible to succeed with them as bedding {)lants. 

With a view to enlarging the list of desirable bedding sorts 
wiork was begun to combine disease resistant types with those hav¬ 
ing desirable blooming habit and desirable colors in the flower. 
It was particularly desired to secure })lants with double flowers 
since the single flowei's shatter badly in the Maryland climate. 
Because of a limited number of plants of ea(*h variety in bloom 
at any time it became necessary to mak(‘ a lai’ge number of crosses. 
Consequently th(‘ number of seedlings secured from any one cross 
was small. 

The geranium is a plant easly work(‘d with as the anthei‘s 
shed theii- pollen and fall off usually before the stigmatic surface 
is exposed. The danger from self pollination is therefore rela¬ 
tively small and th(* tedious operation of einaseulation is obviated. 
Even cross pollination is rare in the giwnhonse diii’ing the tvinter 
s(‘asou although in early spring insects are o(‘casionally I’csponsiblc 
for carrying the XR^lhm from one flower to aimther. 

Several hundi’cd seedlings have been grown. InU the greatest 
difficulty has been encountered in the attemj)! to combine th(‘ dis¬ 
ease-resistant ('hai^acler with the flower characters which would 
make them of sjjecial value for bedding. One seedling with bril- 
jiant orange-scarlet, semi-double flowers of good form resulted f r*om 
a cj'oss ])etwe(‘n Paul Ricard and La Pilote. This was introduced 
to the trade in by Richard Vincent, dr.. & Sons, Whitemarsh, 
Maryland, njul(‘r the name of Maryland. Since that time, however, 
it has proved to he less resistant to discas(i than was at first sup¬ 
posed and for that reason is not expected to retain a j>lace as a 
bedding variety. In this conneetion it is woithy of note that seed¬ 
lings exhibit unnsual vigor of growth for the fn^t year or two 
and this may easily mislead one in his estimate of the value of a 
new variety. 

Because of the hybrid nature of most varieties considerable 
segregation takc's jilace in the F, generation. A tabulation of the 
results from one season s crop of seedlings in rclalion to the form 
of the flowTr gave the following totals: 

Singles x singles gave 84 ‘singles and 6 doubles. 

Singles x doubles gave 59 singles and 74 doubles. 

Doubles X doubles gave 40 singles and 30 doubles. 

In the coui'se of this work an interesting example of correla¬ 
tion came to light. One of the characters in the Pelargonium 
which is often used to distinguish this genus from the true genus 
geranium is the nectar tube adnate to the flower stem. In the zonal 
group this tube docs not appear to be a constant character. It is 
appar^ently correlated with the single flowering character as the 
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majority of the double flowering sorts arc without this nectar tube. 
Of 55 varieties observed nectar tubes were found well developed in 
12 single flowering sorts and partially developed in four othei^s. 
They were entirely wanting in 38 double flowering sorts. 

An attempt was made to hybridize different species but little 
success has attended this work. The zonal group and the ivy- 
loaved section will hybridize but the hybrids are not very fertile. 
It is also possible to combine the Lady Washington type with some 
of the scented leaved types, but the zonals will not hybridize with 
cither the show or the scented leaved groups. It might be possible 
to utilize little known species in developing greater resistance to 
disease and to bridge over this gap between groups. The scented 
leaved section offers some interesting possibilities in the produc¬ 
tion of perfumes and a chemical study of the essential oils in the 
glands of the different species and their behavior in hybridized 
seedlings might give important results. 


SATURDAY, DECEMBER 28, 9:30 A. M. 

FIVE YEARS* RESULTS IN PLUM POLLINATION. 

By A. H. Hexortcksox, University of California, 
Berkeley, California, 

The i‘esul(s, whi(*h are summarized below from the paper pre¬ 
sented at the Baltimore meeting in 1918, were obtained by the 
Division of Pomology of the University of (California as a result 
ot* live years investigations on the prolvlem of plum pollination. In 
these investigations all effort was directed towani obtaining data 
which would be of immediate assistance to the p’ower^who had a 
plum orchard (‘ither in reality or in coiibunplation. \arious fun- 
daiTK'iital j)ro])lems underlying the causes of sterility in this 
were postponed xintil tiuu^ and facilities would permit of their 

study. _ » ^ 

Something over 100,OOO hand pollinations were made to deter¬ 
mine the effects of selfing and crossing; and something over 175.00() 
blossoms were eounti‘d to secure the per cent of set under normal 
orchard conditions. These large numlxcrs were used to make the 
data as ivliable as pcmsiblc. The results obtained in most 
were clear-cut, and furthermore, were consistent throughout the 
five years. Results, about which there may l>c the slightest ques¬ 
tion, are reserved for a later jiublication, where space will bo avaii- 

ablc for their discussion. . 

Eight varieties of Japanese plums and nine varieties ot the 
European type were tested with the following general results; 

The Japanese varieties, Combination, Kelsey, Satsiro^ Bur¬ 
bank, Wickson, Sultan and Abundance are self-sterile. The 
is evidently self-fertile or at least partly so. 
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Among the Eui’opean i>liims and prunes (lyman, Tragedy and 
l?nl>e de Sergeant are elearly self-sterile. Imperial, although occa¬ 
sionally setting fruit with its own pollen, is too uncertain to be 
classed commercially as anything but self-sterile. 

Grand Duke is ])r()])ably self-sterile. 

Pond and Yellow Egg were only tested for sterility for one 
year so definite conclusions cannot be drawn. 

The French (Agen) and Sugar ])runes are undoul)tedly self- 
sterile. 

No inter-species ('J‘ohs(‘s were attempted. 

No cases of iiiter-st<‘riJity, either in the Japanese or the Eiu'o- 
Xiean plums, were found. 

The Jai)aiiose ])linns effect ively cross-poll in ate one another, de- 
})ending somewhat on the coincidence of the i‘(‘Speetive hlossoming 
periods. The same is ti‘ue for the European plums. 

Full discussion and data will ]»e ])resented in a forthcoming 
bulletin to be published by the (.'alifornia Agincultura) Experiment 
Station in the lu^ar future. 

THE RELATION OF TIME OP BLOOMING TO RIPENING 
PERIOD IN PEACH VARIETIES. 

By J. B. S. Noktox, Expermu n! Statiou, Colhf/f Park, Uarifland, 

Whether eai’Iy llouering peach vai'ieties ri]>en their fruit 
earlier than late fiowcu'ing kinds or vie(‘ versa, has no doubt often 
been eonsideied and eonelusions reached based only on a few varie¬ 
ties. 1 have at various times discussed this ([uestion with difl’oront 
peach growers and the genei‘al opinion seemed to be that the early 
bloomers ripen late and the late tlowering kinds ripen early. 

Seeing the labulatioji of blooming and fruiting periods of 179 
varieties in Hedrick s Peaches of New York, 1 thought this might 
give enough data to settle the question, and so prepared the fol¬ 
lowing tables from that wouree, the figures giving the number of 
varieties in each group. 

Table I. 


Blooming 

Period 

Ripening Period. 

Total 

Very 

Early 

Early 

1 

Medium , 

Late 

Very 

Late 

Very early. 

0 

0 

1 

0 

0 

1 

Early. 

3 

4 

13 1 

3 

2 

25 

Medium ... 

3 

15 

63 i 

43 

15 

129 

Late. 

1 

1 

6 ; 

7 

5 

20 

Very late.. 

0 

0 

1 ! 

1 

1 

2 

' 4 

Totals .. 

7 

20 

! 

74 1 

54 

24 

179 

f 
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The above tabulation shows the number of peach varieties for 
each blooming period ripening as indicated under the heading 
''ripening periiod/’ 

Table IT. 


Ripening Period. 


mooniing 

Period 

Very Early 

Early 

j 

1 Medium 

1 

j Late 

Very Late 

Very early. 

0 

0 

1 100 

0 i 

0 

Early. 

12 

16 

i 62 

12 1 

8 

Medium ... 
Late. 

2 

12 

; 41 

33 1 

12 

1 ' ^ 

5 

i 30 

35 

25 

Very late.. 

i ^ 

0 

i 26 

i 

25 i 

1 1 

50 

t 


This table shows the data of the previous table in percentages 
of the varieties blooming in each period. 

The very early and very late varieties are too few to give ac¬ 
curate information, but an^ in general in line with the others. 
Although there are )»lenty of exceptions, in the majority of cases, 
the later the blooming the later the ripening, as is shown graph¬ 
ically in the following chart. . 
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The lines indicate the percentages of varieties of four bloom-penods 
ripening at different times, the percentages rise higher toward the left 
the later the blooming period. 
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HOETIOULTURE AND THE WAR, 

By C. A. Delaware College, Newa/rk, Delaware. 

This, our fifteenth annual meeting, will prove to be a mem¬ 
orable one in our history as a Society. We arc just emerging from 
a period of mental, physical and economic stress that has tried the 
very souls of men. We are now having our first opportunity to 
compare notes as to the effect of the World War upon horticulture, 
an industiy that was meant for peaceful days. We are all asking 
ourselves, did we measure up to our opportunities and our ob¬ 
ligations. not only as individuals, but as exponents of one of the 
oldest of professions. Have horticulture and horticulturists been 
of direct benefit in winning the war? Have we as a professional 
class served our country to the best of our abilities? It is im¬ 
possible to give an accurate statistical answer to these questions. 
It is perhaps too soon after the great conflict to get a proper val¬ 
uation and clear viewq)oiiit of our work. A few years hence we 
shall be able to more accurately evaluate our efforts. 

(.'orrespiondence with heads of the several horticultural de¬ 
partments has shown that their wartime efforts have fallen into 
several rather distinct lines. Let us first consider what I shall call 
our non-pT‘ofessional efforts. Under this head wt gi'oup such things 
as mark a man in his community as a citizen, rather than as a 
professional man. Here I think that we have no cause for com¬ 
plaint as to the type of men who have chosen horticulture as their 
life work. In practically every state the men who belong to our 
p]‘ofession have been actively identified with wartime oommunity 
efforts such as Ijiberty Loan drives, Y. M. C. A., Red Cross and 
allied campaigns to finance the prosecution of the war and to al¬ 
leviate mental and i)hy.sical suffering among men in arms at home 
and over seas. (.Vjinmon stress tends to make all men brothers, and 
it has been gratifying to find that many of those in our ranks have 
developed into leaders in their home communities. To be good 
citizens does not merely mean paying taxes and kcejiing out of 
jail, (htizenship means service, and the records show that horti¬ 
culturists as a class have not been at all backward in offering and 
giving non-professional service to their country" and their fellow- 
men. 

The following is a Isit, as far as I have been able to compile 
it, of those members of our profession who have been engaged in 
special lines of war work: 

SPECIAL WAR‘ WORK. 

Michigan .H. J. Eustace, Food Adminiotration. 

Pennsylvania .S. W. Fletcher, charge of Horticultural Instruc¬ 

tion, A. E. F. 

Iowa .C. L. Fitch, Y. M. C. A, work. 

California .W. L. Howard, member of State Committee on 

Food Survey. 

J. C. Whitten, County Chairman, Red Cross Mem¬ 
bership Committee, on Liberty Bond Com¬ 
mittees, Red Cross and Y. M. C. A. Drives. 
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Texas . 

New Hampshire. .. 
Kentucky. 

Virginia . 

Washington . 


...E, J. Kyle, Chairman of War Fund Drives and 
^n^anity Food Administrator. 

■ ■ p' w M Supervisor of War Gardens. 

k N^ional Bureau of Education 

on School Garden Work. 

...T. C. Johnson, County Pood Administration 
Board, and Thrift Stamp and Liberty Bond 
Committee. 

...D. R. Hull, Special War Board on Development 
of Cantonment and Hospital Grounds. 


At this point it might bo well to record the names of those 
of our profession who have offered their bodies as a living sacrifice 
at the altar of their country. Many others would gladly have gone 
forth 'M the call of arms if it had not been for physical disquali¬ 
fications, depend,ant families and a feeling that they could be of 
more service to their country by remaining at their tasks. The 
wheels of peace must be kept well oiled if the mills of war are to 
pind efficiently. I am sorry that 1 have not been able to secure 
information that wiould make the list complete. Letters were sent 
to all the states, but from some no replies have been obtained. My 
thought in compiling such a list was that we might have a per¬ 
manent record of those who served their country along military 
lines. In some eases we were unable to obtain names, in others no 
I’ank was given. In many other eases the professional rank of the 
man was not given. I have endeavored to include only those of 
the rank of Professor, Associate Professor, Assistant Professor, In¬ 
structor, and Oi^aduate Assistant. The record for the Dominion of 
Canada is I am sure veiy incomplete. The list is as follows: 


MEN IN MILITARY OR NAVAL SERVICE. 


Canada (Guelph) G. J. Cullan, Lieutenant, Canadian Expeditionary 
Dominion Experi- Force. 

mental Farms.W. Dreher, Lieutenant, Canadian Army. 

M. B. Davis, Sergeant, Canadian Army. 

California .V. W. Hoffman, Second Lieutenant, Aviation 

Corps. 

Lee Foster, Captain. 

Harold Gaymon, Lieutenant. 


Colorado .J. C. Hoffman, Lieutenant. 

G. F. Limbocker, Captain, A. E. F. 


Georgia .T. H. McHatton, Captain, Bureau of Aircraft 

Production. 

J. W. Firor, First Lieutenant, Artillery, A. E. F, 
C. N. Keyser, Ensign, Naval Aviation. 

Idaho .G. J. Downing, Captain, Field Artillery. 

Indiana .C, B. Sayre, Lieutenant^Colonel. 


C. G. Sauers, Captain, A. E. F. 

R. A. Nehf, Second Lieutenant. 

W. M.Richards, Captain, A. E. F. 

iowA .W. E. Whitehouse, Second Lieutenant, Aviation* 

H. E. Nichols, Officers' Training Camp. 

T. J. Maney, Gardening Work at Base Hospitals, 
E. A. Prester, Second Lieutenant, Infantry. 
A. E. F. 

P. P. Stonecifer, Officers' Training Camp. 
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F. M. Harrington, Officers' Training Camp. 

H. Hartman, Intelligence Department, 

R. J. Pearse, Flying Cadet. 

Maryland . F, S. Holmes, Second Lieutenant, A. E. F. 

Massachusetts .G. S. Watts, Navy. ^ 

Michigan .J. H. Carmody, First Sergeant. 

W. T. Moore, First Lieutenant. 

R. W. Peterson, Private. 

Minnesota .W- D. Valleau, Sergeant, Medical Corps. 

F. A. Krantz, Second Lieutenant, Quartermas* 
ters Corps. 

F. P. Daniels, Cadet, Balloon Service. 

W. T. Topley, Second Lieutenant, Motor Trans¬ 
port Corps. 

W. J. Koppen, Aviation Mechanic. 

H. J, Beaumont, Aviation Mechanic. 

J. H. Bushnell, S. A. T. C. 

Missouri .W. H. Lawrence, Captain, Educational Depart¬ 

ment, Medical Corps. 

Nebraska .F. G. Grossart, Officers' Training Camp. 

New Hampshire .J. R. Hepler, Second Lieutenant, Quartermasters 

Corps. 

New JmsEY.D. Schmidt, A. E. F. 

New Mexico .J. M. Franklin, U. S. Navy. 

New York (Geneva)..G. H. Howe, Sergeant, Medical Corps. 

New York (Cornell) ..Paul Work/ Lieutenant, A. E. F. 

Nova Scotia .W. T. Blair, Signal Corps, Canadian Army; 

wounded. 


M. J. Robinson, Camp Sanitary Inspector, Cana¬ 
dian Army. 

James Gallahar, Transport Service, Canadian 
Army. 

Ohio .P. H. Elwood, Captain, Field Artillery, A. E. F. 


F. E. Allen, Lieutenant, Reconstruction Hospital. 
B. D. Drain, Officers' Training Camp. 

F. H. Beach, Officers' Training Camp. 

Oklahoma .C. W, Rapp, First Lieutenant. 

Oregon .H. D. Locklin, Radio Service, Navy. 


Mr. McCormick, Quartermasters Corps. 

Pennsylvania..W. C. Gillespie, Captain, Field Artillery. 

A. F. Mason, Coast Artillery, Officers' Training 
School. 


J. B. Scherer, First Lieutenant, Field Artillery, 
A. E. F. 


E.I. Wilde, Second Lieutenant, Gardening Work, 
Base Hospitals, A. E. F. 

Rhode Island.P. E. Corriveau, Lieutenant, U. S. Marine Corps, 

A. E. F.; killed in action. 

South Carolina .George P. Hoffman, Officers' Training School. 

George E. Prince, Officers' Training School. 

C. C. Vincent, Second Lieutenant. 

Virginia .Kent Aperson, Sergeant, Medical Corps, A. E. P. 

Albert White, Officers’ Training Camp. 

West Virginu .W. R. Legge, 'Second Lieutenant, Artillery, 

A. E. F. 


R. H. Patch, Private, Ammunition Train. 

United States De- Beckerman Bernard, Draftsman in the Chemical 
PARTMENT of Agri- Service (Gas Defense). 

culture .Edward B. Benson. 

Ralph E. Caryl, Base Hospital. 

George M. .Darrow, Sergeant, Reconstructioit 
Work. 
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Sidney H. Davidson, 

Albert P. Edminster. 

Geor^ L. Fischer, Second Lieutenant, Artillery. 

Melvin C. Hobson, Science and Research Division, 
Aviation Section; in Prance. 

Kirtley B. Lewis. 

John E. Magness. 

F. E. Miller, First Lieutenant, Subsistence Divi¬ 
sion, Quartermaster Corps. 

Edgar W. Montell, Second Lieutenant, Infantry, 

Arthur E. Nelson. 

H. E. Newman 

J. R. Price. 

Vincent W. Ridley. 

Vincent G. Ryan. 

C. E. Schuster, Second Lieutenant. 

R. C. Severance. 

Otis E. Simpson, Sergeant, Medical Corps. 

Edwin Smith, Chief Boatswain^s Mate, Navy, 
Officers’ Medical Naval Operating Base, Hamp¬ 
ton Roads, Va. 

H. F. Smith. 

Samuel L. Van Orman, Second Lieutenant, Quar¬ 
termasters Cor^. 

E. D. Vosbury, First Lieutenant, Air Service; in 
France, 

The list of men in military service is one to be proud of when 
wc consider that the majority of these men were occupying posi¬ 
tions where they no doubt could have, in the majority of cases, 
secured deferred classification if they had so desired. 

As regards the professional woi’k of the various horticultural 
departments throughout the eountiy, we find that in the majority 
of cases the regular routine programs^were greatly disorganized. 
War >vork took precedence over all other endeavors. In a few 
states horticultural work as a unit was practically discontinued, 
the men of the department being shifted to emergency work. In 
other cases the efforts of the depai^tment were directed to lines of 
work that had previously occupied but little of the department’s 
lime. This was especially true in the ease of vegetable growing. 
The war has brought home to us in a mosb emphatic manner that 
wc as horticulturists have been neglecting the vegetable industries 
of our country. Only a few of the colleges and stations have sep¬ 
arate divisions of vegetable gardening. Yet in the stress of war 
and in the great need for increased food production, we have found 
that vegetables were one of our greatest of food supplies. In 
practically every state the horticultural departments have thrown 
their energies into a campaign for greater vegetable production. 
The lesson that we have learned regarding the importance of vege¬ 
table gardening is one that we should not forget. We have had 
forced up«)n us the great need for better experimentation and 
more fundamental investigational work with vegetables, Wetealize 
as never before the great need for standardization of vegetable 
varieties and the necessity for thorough research along the lines 
of inheritance and fixation of valuable characters in vegetables. 
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May I interject hero a plea for research along the lines of genetic 
inheritance lof factors that go to make up the charactei's of our 
common vegetables. I venture to assert that if we had possessed 
this information throe years ago that our vegetable production 
would have been doubled over what it was in wartime. The war 
has also shown us that w(‘ as a nation ought to produce our own 
vegetable seed and not be forced to depend upon foreign importa¬ 
tions of seed in order to maintain our outi)Ut of vegetables. In 
this connection it might be well to not(‘ that one Canadian Depart¬ 
ment of horticulture produced last year 30,000 pounds of turnip 
seed foj‘ the Dominitm (foveriiment. However, what we need is 
not so mueh more vegetal)le seed but better seed. We can not hope 
to attain a high standard in vegetable production until we have 
taken up vegetable breeding in earnest ^ind concentrated our ef¬ 
forts upon the produet ion of better* varieties. We cannot hope to 
produce better varieties until we know how to sift out undesirable 
eharact(U*s. We have h(‘re a great field for research that is practi¬ 
cally untouched. We have studied the effects of environment upon 
somatic characters, but wc have sadly neglected the germinal 
eharaeters of our vegetaldes. 

The induenee of th(‘ war ui)oii fruit production has not been 
nearly so marked as in the case of vegetable i)roduetion. It has 
emphasized however the great n(‘ed for better methods of control 
of our insect and fungous enemies. War has taught us the need 
for bettei* sj)raying. War conditions have also shown us the vast 
field for I'oseareh that we have before us along the lines of utiliza¬ 
tion of fruit products. It has shown us the gi’eat source of food 
that lies in our cull fruits. The manufacture of fruit by-products 
has received a magnificent impetus. Let us put our shoulder to 
the wheel and help such industries to a firm peace-time founda¬ 
tion. 

Dehydration has under the stimulus of war become more than 
a mere name. Thousands of tons of fruit and vegetable products 
that under noi^mal conditions would have gone to waste, have been 
saved through dehydration. 

A greater int(U'est in fruit and vegetable storage has been 
stimulated by the war. (^old storage i)rob]ems ai’e nearer solution 
than they have been before. The groat value of home stoT*age has 
been brought home to us. 

One of tlio great results of the war has been its effect upon the 
diet of our people. We have by necessity learned the great lesson' 
of tlie value of fniits and vegetables in our eveiy day menu. I 
doubt if we ever again become the great meat consuming nation 
that wc weiv. Fruits and vegetables uiion ouj* tables have corfie 
to stay. This fact alone should give a great impetus to fruit and 
vegetable growing, and in closing I feel safe in saying that be¬ 
cause of the war the business of grooving fruits and vegetables is 
upon a sounder foundation than it ever was before. 
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DEVELOPINa NEW GRAPE INDUSTRIES. 

By Georgk C. Husmann, V, S, Departimnt of Agriculture, 

' WasJiinifton, I). C. 

Durijig practically the same yeai^ that the grape growers on 
the Atlantic (Joast were unable to account for their failures, with 
the vinifera vaiaeties which they brought from Europe, owing 
to the fact that they were in blissful ignorance of the omnipresence 
of the Phyleoxera VvMairix, or root louse, of the vine, (and it was 
not until they turned their attention to the growing and improving 
of our native grapes, that success crowned thei)* efforts), the mis¬ 
sion fathers were founding the Missions west of the Rock Moun¬ 
tains and planted at these olives, figs, and grapes, and incidentally 
became introducers and pioneers in the growing of these three im¬ 
portant fruits and demonstrated California to be a congenial home 
for Vinifera grapes. 

The Mission Fathers grew only one variety, the Mission, (a 
Ij’ue vinifera) which for many years was the most important grape 
grown in (California and is at present grown to some extent in some 
districts. 

Ill Ihe South Atlantic and Gulf KStates, the growing of Ihe 
Rotinidifolia continues in the embryonic state, just because these 
vines grow and fruit with little or no care and are resistant to 
Phylloxera and even make a lirave stand against rot. mildew, and 
numerous othei* evils that beset vines. 

A f(nv years of research work with Rotundifolia grapes, out- 
lini'd by th(‘ writer, not only ])roved the fallacy of the general belief 
lhat to prune Rotundifolia would kill them, but provcnl that prun¬ 
ing was absolutely necessary for b(‘St results and that by pruning 
not only was beter fruit secured, but it also enabled tne ripening 
of fruit in cluslei*s. Some of the viiu^s ex})eriinented with were moi*e 
than 50 years old, when the fii'st pruning they had ever had, was 
given them and the vines were riMstored to coniplete vigor and 
fruitfulness. 

The vines of the Rotundifolia species were thought hereto¬ 
fore to consist of either fruiting vines that were practically self 
sterile, 07 * plants producing flowers having both stamens and pis¬ 
tils in which the female organs were capable of producing fruit 
if feitilized by pollen from male or staminate vines. In grape 
breeding work with these in less than a decade, we produced self 
fertile strains, from which quite a pwgeny of self fertile vines 
ha^x 3 since been grown. This fact in itsrif jnakes possible the revo¬ 
lutionizing of the Rotundifolia grape industry, by i)utting it on 
a self fertile basis. 

The present viticultural industry in the Vinifera regions of 
the United States now represents an investment of at least $300,- 
000,000,00, gives employment to 15,000 persons and yields an in- 
come of more than $50,000,000.00 per annum. 

In these Vinifera regions the earlier grape gi'owing activities 
were almost exclusively devoted to the growing of wine grapes and 
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although introductions of all the choicer vinifera varieties were 
made early in the last half of the last century, including raiski, 
table and shipping varieties, it was not until J.873, that raisin 
crops became an important factor in the market, the entire output 
that year amounting to 6,000 boxes. Since then the industry W 
grown so that last year the enormous quantity of 310,000,000 
pounds of raisins were cured and about 25 per cent of these were 
exported. 

Eighteen years ago when Phylloxera, the-so-called California 
Vine Disease, and other agencies, threatened to wipe out the entire 
vinifera grape industr}% the United States Department of Agri¬ 
culture came to the rescue and began broad viticultural research 
work. This lead up to a number of special investigations, some of 
which have been worked out as a result of which we are now busy 
in starting some important new grape industries. 

One of the important lines of work in the viticultural investi¬ 
gations of the United States Department of Agriculture has been 
the introducing from various parts of the world and testing of 
grape varieties thought to be of value to viticulture and ascertain¬ 
ing their value and usefulness for diverse purposes in this country. 

The first grape variety that reached the United States Depart¬ 
ment of Agriculture after I did was the Panariti (S. P. I. No. ) 
one of the varieties from which was currants of commerce arc 
produced. 

In the currant grapes three colors, w^hite, red and dark are 
found. 

The Corinthe grape experiments made by us arc with Corinthe 
blanc, Corinthe rose, Black Corinthe and the Panariti varieties. 
Of these the Black Corinthe has proven worthless. No one ap¬ 
pears to have had any particular trouble in fruiting the Corinthe 
Wane and Corinthe rose, but their fruit is inferior in quality, both 
fresh and dried, as compared to the Panariti, for which reason 
special researches relative to the latter were made. 

The introduction of the Panariti consisted of a medly of old and 
young wood of miscellaneous lengths, thrown loosely without pack¬ 
ing into a w^ooden roughly sealed box. 

Of this the one year old wood was cut into cuttings and a dis¬ 
tribution made of a portion of these to grape growers, who, it ivas 
thought, would take some interest in it, which accounts for the 
occasional plantings of it in California. 

It may intere.st you to know some of the cuttings were used 
to make an experiment of testing how long cuttings could be im¬ 
mersed in hot water of different degrees of temperature without 
killing them. A portion of these immersed cuttings were after¬ 
wards planted in nursery in the usual manner, and a portion of 
them cut into one eye cuttings, placed in sand in greenhouse and 
given bottom heat. The results showed that of shipments of grape 
cuttings arriving in a somewhat dry condition those immersed ten 
minutes in water brought to 53®’C. or 127®F., were put in better 
condition than those immersed only 5 minutes at the same tern- 
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perature, and by immersing them 5 minutes at 56°C. or 133°P. 
best results were obtained, whereas, at 60®C. or 140^F. an immer¬ 
sion of only 5 minutes was not only injurious, but largely fatal to 
the cuttings. 

Because of the important part this variety is destined to play 
in the viticulture of this country, the following description of it 
is given. Vine a vigorous, dense, slightly spreading grower. 
Young wood medium slender, round; intemodes medium long, 
thin; nodes slightly enlarged; buds prominent, pointed, start 
early; pith large, discontinuous at diapragm; tendrils intermittent, 
forked; canes light brown, striped, smooth; growing tips reddish 
and hairy. Leaf medium size, oblong, cordate, five lobed, margin 
serrate, peliolar sinus deep, narrow, usually overlapping; upper 
leaf surface dark green with lighter colored veins; lower surface 
lighter green slightly pubescent; petiole medium slender, slightly 
enlarged at base. Blossoms entire, small, open early; stamens up¬ 
right, longer than pistil. Blooming period medium, blossoms 
abundant. 

Clusters on ringed vines, medium, compact, cylindrical, me¬ 
dium length, narrow, prominently shouldered, often winged. Ber¬ 
ries small, usually less than inch in diameter, adhere Well, 
globose, color grizzly to black with light colored bloom, surface 
smooth; skin thin, tender; flesh pearly white, soft, juicy; seedless. 
Flavor rich, characteristic, very high in sugar and relatively high 
in acid. Exccfllent in quality, both as a fresh fruit and dried. 
Ripens very early from July 15 to August 15 and usually produces 
a slight second crop of berries with seeds. 

The resistant slocks so far found most congenial to the Pan- 
ariti are Rut)estris St. Gteorge, Aramon x Rupestris Ganzin No. 1, 
Riparia x Rupestris No. 3309, Mouiwedre x Rupestris No. 1202, 
Adobe Giant,Riparia Gloire, Dog Ridge, Taylor, Narbonne, Lenoir, 
Salt Creek, and Solonis x Riparia 1616, in the order named. Be¬ 
sides these there are a number of others it does well on. 

This variety also readily adjusts itself to different pruning 
methods and training systems. 

When the vines under test had finiiled several seasons it was 
found, however, that one good crop of fair fruit might be ob¬ 
tained from the Punariti, but this could not be depended on and 
in fact was exceptional. 

The literature on the currant grapes shows that ringing the 
vines is practiced by the growers in the currant producing coun¬ 
tries, but the secret, of how and when this is done, is so closely 
guarded that even its necessity is not mentioned, neither were the 
Department’s agricultural explorers able to extract any real infor¬ 
mation on this question. 

The fact of occasional crops without ringing puzzled us and 
•we likely had decided results in ringing before we knew it, but 
it took six years of close study and experimentation to determine 
that to get regular annual crops, not only must the vine be an¬ 
nually ring^, but for this to have the desired effect, it must 
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be done while the vinos are in bloom. Ringing increases the output 
very greatly and improves the size, quality and quantity of fruit. 

Ringing consists in making two parallel cuts through the bark 
and cambium layer, around either the trunk, arm or canes of the 
vines, and completely removing the strip of material between the 
two parallel cuts. This must be thoroughly and completely done, 
otherwise entire effects of the ringing are not had. 

Ringing docs not prevent the main upward flow of the sap, but 
docs act as a barrier on the returning downward flow of the sap, 
which appears to have the effect of retaining and developing the 
berries on the bloom clusters. 

Our experimenis further show that the ringing to be effective 
must be done during the blooming time of the vines. Best results 
were had when part of the blossoms had opened, or practically in 
the midst of the blooming period. As the blooming period extends 
over a limited number of days only when ringing is done on an 
extensive scale it is advisable to ^tart as the flowers liegin to open. 

As to the wddth of the ringing, this should not be any wider 
than is absolutely necessary to do it thoroughly, so that the healing 
over may be accomplished in no longer than 6 to 8 weeks or by 
the time the fruit ripens. On vines from 8 to 10 years old where 
the ring was no wider than V 4 inch, the healing was invariably 
nicely accomplished. The importance of this and the effects on 
the plants is at once apparent, especially when in older to get 
full effects of the operation the trunks of the vines arc ringed. It 
is not of the same consequence where the arms or canes only of 
vines are ringed, such parts of vines, being renewed by new^ growth. 

The foregoing recital of some experiments with the Panariti 
shoAvs that the way has been paved for establishing in this country 
a very extensive and important new grape industry. 

Previous to the war, the annual importations of dried cur¬ 
rants into this country amounted to over 30,000,000 pounds, or the 
equivalent of at l(‘ast 100,000,000 pounds of fresh grapes. There¬ 
fore, a market has already lieen established for that quantity and 
no doubt, as has been done with other raisins, our consumption of 
currants can be very materially increased. Furthermore, they are 
seedless and of exceedingly rich and delicious quality, and ripen 
so early that other grapes of even mediocre (luality are scarce 
to be had. and it apjicars, therefore, a fine demand for them as a 
fresh fruit can be established. 

Their ripening so early will rnablc growing them as an ad¬ 
vance crop in the raisin sections of this country and the same 
lal)or employed in harvesting and curing currant grapes can cure 
the other later raisins. It is also a great advantage in growing 
grapes for drying jiurposes to be in a district which permits sun 
drying. The early ripening qualities of Panariti indicate that in 
all the present Vniifera grape districts of this country there are 
suitable conditions for the growing of currant grapes. Protection 
against the dew at night will likely be necessary in some of the 
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coastal districts, bpt it is preferable that the currants, while dry- 
ing, be shaded during the great heat of the day, so the same shelter 
will do for both purposes. 

The Ohanez, another grape variety that was among the early 
California introductions, was never grown to any extent in this 
country, neither did any one seem to appreciate its value until the 
United States Department of Agriculture found it adapted to 
some of the conditions in our Vinifera regions, and as the variety 
is not self-sterile, had ascertained the pruning, training, and other 
treatment needed to get good results from it. These researches 
were made with a special introduction, ''S. P. I., No. 27362,'' of 
Ohanez cuttings made at the writer's request, received March 10, 
U)10. Then plants and material for propagation were furnished 
the more progressive grape growers. 

Special attention was also called to the extraordinary carrying 
'and keeping qualities of its fruit that led to the establishment of 
the important Almcrian grape shipping industry of grapes packed 
in cork dust in barrels. Large consignments of these reach the 
important cities of this country every year. 

We hear that of fruit of this year 362,825 barrels, containing 
an avoi’age of 50 pounds of grapes each, have already been con¬ 
signed to this- country. 

There appears no reason why Ohanez grapes grown in Amer- 
i('a, packed in American red wood. Sequoia scmperviretis, sawdust 
(the latter being an excellent substitute for cork dust), should not 
supplant those. 

The following is a brief description of the Ohanez: Yine vig¬ 
orous, robust, jxnd spreading. Canes light brown with darker 
stripes, stocky, slight, irregular; internodes medium length. Young 
shoots rather light green, heavy at base, thin near the tips; fre¬ 
quent late]*als, tendrils strong, discontinuous. Leaves medium to 
large, five-lobed, glabrous above and underneath, veins lighter 
green above; tooth angular, rather light green. Petiole light green, 
rather short, stout. 

(duster above medium to large, (compact, tapering, somewhat 
blunt at terminal; peduncle light green, long, hai’d, woody, thick; 
pedicle short-, stout, warty; brush large. Berries above medium 
1o large, oblong, yellowish green, often distinctly veined with some¬ 
times a slight blush on sunny side; flesh crisp, firm, adhering to the 
skin; skin thick, tough. Seeds, none to 4. Flavor pleasant. 
Ripens veiy late. 

Good I’osults have so far been had with it on the following 
phylloxera resistant stocks—Aramon x Bupestris Ganzin No. 1, 
Dog Ridge, Riparia x Rupestris No. 3309, Rupestris St. George, 
Uonstantia, Solonis x Riparia No. 1616, and Riparia x Rupestris 
No. 101. 

The parallel system of training so extensively used in Almeria 
has not proven well adapted to it in the hot interior valleys in our 
Vinifera regions. 
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Excellent fruiting results are obtained in training it to an 
ordinary two-wire trellis, wii'es to 4 feet above the ground, 
with single trunk vines having either 2 or 4 arms, and pruned to 
either canes and long spurs, or long spurs. Very good fruiting 
results are also obtained with single trunk vines trained to trellis 
as mentioned on which canes are annually pruned long, preferably 
canes with lalei'als being selected and the laterals spurred in 
pruning. Good results were also had Avith vines thus pruned and 
trained to a Munson tiellis. 

While the variety is not capable of self-fertilizing itself in 
the Department's exi)erimeiit Auiieyards. there are so many other 
varieties blooming at the same time that no ti\)uble was experienced 
in this n^gard. Where extensive ])lantings of straight Ohanoz are 
contejiiplatod, the int(‘rplanling of a ])ollinizer is suggested. For 
such purpose the Castiza so extcusively used in Almeria is i^ecom- 
mended for this ])ar])Ose. This is a red-colored variety belonging 
to the same class and is itself a handsome and valuable shipping 
grape that has Ix'cn found to be a gocnl r{‘gular cropper. 

Another poijil Avell Avorth noting is that two district strains 
dcATlopcxl from the in trod net ions of the Ohanez, both strains being 
equally fruitful, of like vine and foliage and bearing fruit alike 
in CATry resi)ect, except that on one the berries are nice and clean, 
AA'hercas. on the other, the berricKS almost invariably have dingy 
maj’kings on the vsuany side Avdiieh atiw much detract from their 
appearance. 

Because of this fact, in the distribulions of material of it made 
by the Department, only such as came from Aunes having the un¬ 
blemished berries, has been sent out. 

There is another fresh grape market which we are making 
efforts to interest our grape gWAvers in, namely, that of the fancy 
grapery-groAvn grapes which find their way to us from across the 
Atlantic Avhere the growing of these gi’apes is an extensive busi¬ 
ness. This market is now somewhat limited becamse of the ex¬ 
ceedingly liigh prices at which such grapes need to be sold to cover 
the expense of growing them under glass. We find that these 
same varieties of grapes can be successfully grown out of doors in 
this country. 

We have demonstrated that the choicest of these varieties 
yields abundant crops of the choicest fruit with us under ordinary 
outdoor culture. If proper storage' facilities be provided in our 
larger cities where such grapes are to be sold, it is reasonable for 
these grapes to be thus kept and’ taken out of storage and im¬ 
mediately put on the consumers' table. If only one-third the 
price paid for the imported grapes were obtained for the home 
groAvn ones, very handsome returns should be realized. 

Another line in grape groAving in which we are much in¬ 
terested is to bring about the growing and sending to our markets 
table grapes of real merit and fine quality, instead of the varie¬ 
ties almost exclusively used at present, that are large and showy 
ill appearance but of most inferior eating quality. It is reason- 
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able to expect that as soon as our people have once tried the choicer 
quality grapes and learn to know them, the market for them will 
Ix^ established. 

Much adii) is beii:ig made the last few years about growing vin- 
ifera grape varieties in the Easteni States of this country. T cer¬ 
tainly do not want to discourage those making the experiment, but 
do wish to call attention to a few important points that these re¬ 
cent experimenters are either not aware of or at least never al¬ 
lude to, which should be considered to avoid breakers ahead. 

L Every prospective grower of viiiifera grapes, should in- 
fonn himself on -the particular viiiifera he desires to grow and 
whether it be suited to the locality in which they arc to be growm, 

2. lie should know the resistant stock suited not only to his 
soil and location, but such stock must also lie congenial to the viii¬ 
ifera he expects to grow .on it, for be it remembered, either a stock 
not adapted to the soil and location or the use of one that is not 
(‘ongenial to the variety to be grown on it. spells failure. 

1 ]. The adaptability of phylloxera resistant stocks to soil, 
climatic, and other conditions can be very closely foretold. 

4. The resistant stocks congenial to viiiifera varieties needs 
to be ascei*taincd by actual lest. In hundreds, I might say thou¬ 
sands, of tests of this kind made, good crops of viiiifera grafted 
on other slocks are frequently gotten the first few years only. 

i). Vinifera varieties although generally speaking are more 
susceptible to fungous dis(*ases, they often adapt themselves to a 
number of soil conditions, but of their resistance to cold but little 
is known. 

The cost.of establishing idnifera vineyards on phylloxera re¬ 
sistant stocks is practically twice that of vines on their own roots, 
and if the proper care and attention be not given the grafted vines, 
if for instance the roots starting from the grafts are allowed to 
grmv and arc not kept cut off:*, inon resistant vineyards are the re¬ 
sult. 

7. Tn conclusion may I venture a plea for us to also con¬ 
tinue our interest in improved varieties of our Native American 
Euvitis species. It is undoubtedly true that the poor results and 
decline of many of our American Euvitis vineyards are not due to 
soil, location, or climate, but due to our expecting a variety of a 
species, which species naturally grows and has adjusted itself to 
a certain, soil, location and climate conditions, to thrive in en¬ 
tirely different ones. Thus the greater number of our American 
Euvitis vineyards, from the Great Lakes to the Gulf and from 
the Atlantic to the Rockies is (Concord. I wonder how many of 
those vineyards have conditions suited to the Labrusca species of 
which the Concord is an offspring? This is not treating the Con¬ 
cord on the square, it is not reoojpiizing other species and is doing 
an injustice to the entire grape industry. 
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SPBAYING APPLE TREES IN BLOOM. 

By W. S. Brock, University of Illinois, Champaign, III, 

The controversy over spraying plants in bloom, especially 
apple trees, is nearly as old as spraying itself. Knowing that the 
development of many insects and fungi is very active just at the 
time when apple trees are in bloom, together with uncertain weather 
conditions, many apple orchardists have been and are continually 
tempted to disregard the bloom as a signal to stop the sprayer. 
Especially is this true in that section of the Middle West where 
much of the plantings of apples consists of very large areas under 
one management. The equipment under such conditions is more 
often than not inadequate so that it is often quite impossible to 
spray the entire orchard in the time recommended unless the 
operator loses no time by reason of accidents to equipment or be¬ 
cause of bad weather. 

There are of course two considei*ations of impoitance in deter¬ 
mining the advisability of spraying apple trees in bloom. The first 
which has received the greatest attention at the hands of fruit 
growers has to do with the killing of insects which aid in cross¬ 
pollination and is foreign to this i)articular paper. The second 
consideration is the direct effect of spray mixtures ui)on the a])plc 
flower and the effect of their application at high pressures com¬ 
monly employed at the present time. It is the purpose of this re¬ 
port to show that none of our common spray materials applied at 
pressures, not exceeding three hundrc<] pounds, have any deleter¬ 
ious effect upon the bloom, nor cause any appreciable rciluction in 
the (iuantity of fruit produced. 

The data whi(di form the basis of this paper wTre made in the 
oldest apple orchard belonging to the University, lying adjacent 
to the horticultural building. The varieties arc Ben Davis, Gidmes, 
Winosap, Whitney, Lady, Westfield, Oldenburg and three or four 
other little known vai’ieties. The results cover work done during 
the years of 1916, 1917 and 1918. 

The Results of Spraying in 1916. 

The bloom over the entire block was uniformly heavy in 1916. 
The orchard was sprayed three times with 8-8-100 Bordeaux as 
follows: First application when the center bud was just out, the 
second when the trees were in full bloom, and a third two days 
later. The material was applied at one hundred and fifty to one 
hundred and seventy-five pounds pressure, sufficient material being 
used in each case to thoroughly drench every part of the tree. 

No diminution in the set of fruit could be noted since all of 
the trees which bloomed full set more fruit than they should carrv. 
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The Results of Sprayino in 1917. 

The 1917 work was a duplication of the work of 1916, except 
that certain varieties received in addition to the three Bordeaux 
sprays, an application of commercial lime-sulfur diluted 1:20. 
Two varieties received only the 1:20 lime-sulfur. The efPeet of the 
lime-sulfur when used in full bloom was to brown the petals, and to 
cause some of them to drop 'prematurely. There was apparently 
no reduction in the number of fruits set on any of the trees sprayed 
with Bordeaux, lime-sulfur or combinations of the two. 

The Results of Spraying in 1918. 

Neither Bordeaux nor lime-sulfur was used in the 1918 sprays. 
The entire block was, however, sprayed bnee in full bloom with 
sealecidc 1:20, with the ex(*optioii of two Ben Davis, two Winesap 
and one Grimes whi(*h were sprayed from one side only. The op- 
jmsito sides of those before mentioned and both sides of all other 
trees wo)*e thoroughly drenched. The results were identical with 
those of the two pi’oeodino: seasons. 

From observations extendiiif? over several years in the or¬ 
chards of eommereial apple gi'owers. it seems to me that thei*c is 
abundant evidence to show that most certainly no bad "efifects re¬ 
sult from one applicatiem of our common spray materials in full 
bloom. 1 have lepeatedly sprayed Oldenburf^ in full bloom with 
both liiiie-sulfiii' and Bordeaux. One of our best apple orchard- 
ists makes it a practice to spray Rome Beauty in full bloom. Plant¬ 
ings of Ralls which ar‘e in full bloom when the calyx spray is ap¬ 
plied to Ben Davis and others, have been spi'ayed year after year 
with no bad effects. 1 Indievc also, that such varieties as Red June, 
Karly Harvest, and Delicious which scab badly would be materially 
benefited by a j^ood funfiieide in full bloom. 

8rMM.\uv. 

A})1>1(? trees s})ra.ved in full bloom with 8-8-100 Bordeaux, eom- 
niereial lime-sulfur 1 :20, and sealeeide 1:20, produced full crops 
of fruit. There was no apparent injury to the bloom from any 
of the materials with the exception of lime-sulfur 1:20, which 
caused some yellowing? and premature dropping of the petals. 

Observations seem to indicate that an ay)plieation of a fungi¬ 
cide during full bloom would be advantageous, especially on scab 
susceptible varieties. 

IS FRUIT GROWING A PERMANENT INDUSTRY? 

By W. L. Howard, Vnivemity Farm School, Dams, (Mifornia. 

In California where large districts of the state are largely 
devoted to fruit growing, the question has often arisen as to 
whether the fruit growing industry is a permanent one. A few 
persons whose opinions and judgment are usually ^worthy of atten- 
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tion have stated in my hearing that a district devoted wholly or 
almost wholly to fruit growing is destined to suffer econoimic decay 
in the course of time. Just how long a district can survive with 
nothing to support it but fruit growing is a matter of conjecture. 
The arguments advanced as to why fruit growing is not a per¬ 
manent industry arc chiefly based upon the gradual decline of the 
fertility of the soil. Many of us have been taught that orchards 
make less demands on the soil than other farm crops, because the 
trees root deeply and, Iherc'fore, take the mineral elements from the 
soil at greater depths than farm crops usually penetrate. In sup¬ 
port of this theory it has been pointed out that virgin forests build 
up rather than deplete the soil fertility. 

Undoubtedly the cultural methods given to the oi*ehard fruits 
will have a great deal to do with maintaining or depleting the fer¬ 
tility of the soil. For twenty-five or thirty years California or¬ 
chards have boon given clean cultivation annually. In many of 
these old orchards soil troubles arc now developing. In some in¬ 
stances it is only the ])hysical condition of the soil that needs im¬ 
proving, In others, there is an apparent need of increasing the 
fertility. It should be explained that most of the fruit soils of 
this state, aside from those in the foothills and mountains, are very 
deep. The jirospeetivi' fruit grower here is usually advised against 
planting fiaiit tre(\s of any kind unless the soil is at lea^st three 
feet dec]), and that preferably it should be from G to 12 feet in 
depth. As a luatler of fact most of the fruit soils of the old estab¬ 
lished fniit r(*gions ai'e from 6 to 12 feet dee]) and many of them 
deeper. 

Such soils, by the pioneers were thought to contain an inex¬ 
haustible supply of fertility. While experience has shown that 
even these deep rich soils may eventually show some decline in fer¬ 
tility, they are still, after thirty years or more, continuing to pro¬ 
duce orchard croi)s which are yielding their owners satisfactory'' re¬ 
turns. There are many soils covered with orchards in some of the 
more imi)ortant regions where, after thirty-five years of clean cul¬ 
tivation, the physical condition of the soil is not only very bad but 
there seems to b(* a shortage of nitrogen. Of (toui'se thirty-five- 
year-old fruit trees, producing crops annually, cannot be expected 
to make a very vigorous wood growth, but it is believed that they 
are not making as much growth as they should, and that the loss 
of humus and its supply of nitrogen is the cause of the trouble. 
There is not much question but what long years of clean cultivation 
have destroyed much of the organic matter in the soil. 

Fruit growers are now desperately calling upon the Experiment 
Statioji to tell them how to secure a fresh humus supply. Different 
methods are being tried; the plowing in of gi'cen manure crops is 
perhaps the most general practice. It has not been thought pos¬ 
sible to grow summer cover crops in the past, but recently it has 
been found that certain varieties of beans planted early in the 
sc'ason will jnake a sufficient growth to shade the ground during 
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the hottest part of the summer. When such crops can be harvested 
in a manner so as to permit of plowing under the bean vines, not 
only is more humus added to the soil than is ever supplied by even 
the heaviest green manure crops which are grown throughout the 
winter and plowed under about the first of March, but the nodules 
from the roots furnish considerable quantities of the much needed 
nitrogen. 

Another plan of improving the soil by shading and also by add¬ 
ing organic matter is through the use of mulches of straw, low- 
grade alfalfa, stable manure, grass, weeds, or any kind of litter that 
can be procured for spreading upon the land. 

Since most of the fruit growing of California is carried on un¬ 
der arid or semi-arid conditions, the problem of supplying the nec¬ 
essary moisture during the growing season is a very important one. 
Where the orchard is irrigated two or three times during the sum¬ 
mer and cultivated between times, the humus is appai^ently burned 
out much quicker than where clean cultivation without irrigatior 
is practiced. It has been found that if an orchard can be heavily 
mulched with straw or similar material in the early part of the 
summer, the soil will retain sufficient moisture to carry the trees 
through, provided the winter rainfall has been as much as 12 or 15 
inches. Where the rainfall is less than 12 inches some means 
would probably have to be found for irrigating at least twice dur¬ 
ing tlie year, perhaps in April and in November or December. 

Plans havi' been devised for mulching orchards in such man¬ 
ner that the trees can still be irrigated during the growing season. 
The f)rincipal method used to accomplish this is by means of 
basins immediately under the trees. The basins are usually shaded 
by the branches so they do not need to be cultivated after each 
irrigation. Another plan sometimes resorted to is to sow strips 
of alfalfa between the tree rows and ridging in such a manner 
that the trees and the alfalfa may be irrigated independently of 
each other. In other instances the land is graded into large checks 
for pui*poses of irrigating and the whole area seeded to alfalfa. 
Alfalfa does not seem to injure old orchards, but I have yet to see 
my first young orchard that was not injured by being planted in 
an alfalfa field, or by having alfalfa seeded between the rows 
Avhile the trees were small. Possibly the trouble has been due to 
too much water for the trees. If the alfalfa is to yield even three 
or four cuttings of hay, it must be watered at least twice during 
the season. A heavy irrigation for the benefit of the alfalfa might 
possibly injure a young tree when it would not hurt an old one. 
Of course a good deal would depend upon the character of the 
subsoil. The grower w^ho wmuld tr>^ to get five or six cuttings of hay 
from his orchard alfalfa would be very likely to severely injure his 
trees by over-watering. Where he is satisfied with two or three 
crops of hay and is willing to manage the land for the best in¬ 
terests of the trees, and where the alfalfa is not seeded until the 
trees are in heavy bearing, this kind of intercropping seems to 
have been a great success and the practice is on the increase. This 
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manner of handling orchard soil has undoubtedly improved its 
physical condition and greatly added to its fertility. 

In one lof the old fruit valleys of this state it is related that 
the fii'st agi’iculturc of the region was cattle grazing under the 
old Spanish grants dating back to 1830 or before. The next era 
was cereal farming, the growing of oats and wheat chiefly. Next 
came a period of sugar beet growing and this was followed by a 
few years when beans occupied nearly all of the land. Following 
the era of bean culture came the growing of apples. About twenty- 
five years ago this l)ecanio perhaps the best known apple growing 
region in the United States. Apples from this center were shipped 
all over the world wherever fruits of this kind could go. This 
region was the ])ioneer one in the use of boxed apples. 

* During the past five or ten years this once famous region has 
had more than its share of troubles. While it is iwmsiblc that the 
industiy will be revivcnl, pei*sons whose opinioiKS and judgment 
we are bound to res])e(*t pi'ophesy that the apple business in the 
region under discussion will continue to decline and that there 
is no hope for the district as a fruit region unless a large per¬ 
centage of the land is devoted to other lines of agriculture, par¬ 
ticularly that of stock raising. The reason advanced for this is 
that only by a diversified agriculture which includes stock grow¬ 
ing, can the fertility of the land be maintained. 

In support of the belief that the fruit industiy in the region 
under discussion vill continue to decline it is cited that the past 
history of this valley shows that first one and then another line 
of agriculture was trie<l and that all of these lines with the ex¬ 
ception of the eai'liest of all, w^hieh can not really be considered 
as farming, did not include stock raising. 

Another fruit seidion of California which is largely devoted to 
prunes, peai*s, eheri‘ies, apricots, and peaches, and is now perhaps 
the most consistently prosperous fruit region in the state, is liegin- 
ning to experience soil troubles. This district has had a history veiy 
similar to that of the one discussed in the immediately preceding 
paragrai>hs. This region, while growing several different kinds 
of fruits, has ])ractieally no interest in animal production or in 
the growing of grain crops. It is, therefore, argued by some that 
this I'cgion will eventually decline owing to the inability of the 
farmers to supply enough organic matter to the soil to build up its 
physical coiidilkin and to restore its fertility. While the fertility is 
by no means exhausted, there is no question but what the surface 
soil ill many instances is in a very bad physical condition. The 
troulile here as elst*where is undoubtedly due to long yeai^s of clean 
cultivation. The orchards here, even those past thirty years of age, 
are still yielding a good income on a land valuation of $800 to 
$1000 an acre, but the orchardists are fully alive to the possibility 
that soil conditions may become so bad as to cause serious trouble. 
They fully realize that the dauger is great on account of the high 
valuation of the land and active measures have been initiated for 
soil improvement. Many methods are being tried and while all 
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of thoni secni to be aceompliHhing good results, the prophets say 
the region is bound to fall into economic decay sooner or later 
because fruit growing in itself is not a permanent industrj'. 


SATURDAY, DECEMBER 28, 1:30 P. M. 

The nominating committee submitted two lists of candidates 
as provided by the constitution and the officers and committeemen 
as jfiven on ])a^e 5 were elected for 1919. 

PEACH SYKUP AND MARMALADE. 

B\ ('. 11. CoKNOKS, Experiment Station, New Brunswick, N, J, 

One of the problems of peach growing, especially in districts 
distant from a local market and in seasons of heavy crops, is the 
dis})osal of undersized fruit and fruit which may become too ripe 
for shipment before it can be picked. The latter condition is 
likely where there is a labor shortage and has been in evidence 
during these war years. 

When peaehes arc selling around $1.25 per crate, it is ques¬ 
tionable whether the packing of fniit smaller than a size that 
would pack 12 peaches to the layer in the tills of the Georgia car¬ 
rier will i>ay. The disposal of this portion of the crop in some 
otli(*r method seems advisable. 

For several yeaj's i)a8t, the Avriter has had this problem in 
mind. A eanning plant wmuld not meet the problem to best ad¬ 
vantage. There are a number of community eanning plants, but 
the material that they would handle on a commercial scale would 
not quite meet the conditions outlined, as the small fruit would 
not make a first-class pack and the over-ripe fimit could not be 
])aekcd satisfactorily. 

If the bulk of this waste fimit could be considerably reduced 
and then proseiwed the conditions desired w’^ould be met. With 
these facts in mind, th(» Horticultural Department of the New 
dei’sey Experiment Station in the spring of 1918 gave its con¬ 
sideration to the installation of a plant that w’ould turn such fruit 
into syrups and marmalades. A plant was to be installed that 
w'as designed to hapdle the discarded fruit from one large orchard 
or that migrit servo a conunuuit% of several small growers. 

The time was unpropitious. The high cost of material and 
bad shipping conditions made the cost of installation high. The 
failure of the crop in the northern peach growing sections made 
the season one of high prices and almost any grade of fruit sold 
to good advantage. However, funds became available and the 
plant was installed. 

The equipment consisted of a 3 horse-power steam boiler, 
two Asmall retorts, a scalding basket, two dipping baskets, a crane 
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and one 2^ gallon enamel lined steam-jacket kettle. The cost for 
these was $516.80. Various other items, such as -pails, pans, 
knives, tables, shelter for boiler, etc., brought the cost up to about 
.$700.00. The boiler was much larger in capacity than was re¬ 
quired for the operation of the plant, but w^as so purchased with 
the idea of using it for boiling lime-sulfur mixture for the winter 
spray. 

The product was to be packed in 8 ounce and 16 ounce round 
screw cap jars. These cast $12.00 and $17.63 per gross, respective¬ 
ly. 

The operation of the plant during the first year, because of 
labor conditions, the high price the fruit was bringing in the 
market, and the necessity for developing recipes, was limited to 
an experimental character. Various varieties were used in com¬ 
parison to determine the possible amount of variation in the pro¬ 
duct. 

In the p]‘eparation of the syrup, the fruit was allowed to 
ripen on the trees to get the maximum flavor and sugar content. 
The fruit was washed and then ‘‘quashed^’ in the hand to break 
the skill. It was then cooked until the pulp wajs quite soft, re¬ 
quiring about three hours. It was th(‘n strained through canton 
flannel and allow(‘d to drip for several hours. The resulting 
syrup was then measured and the sugar added. 

It was found that the amount of sugar required to give the 
necessary sweetness was much less than that recommended in 
household recipes, so sugar was added in the propoilion of 1 to 3. 
Here one fact w^as discovered. The second cooking had to be ex- 
tened over a considerable period in order to make a thick syrup, 
and in consequence part of the sugar probably reverted and specks 
of carbon appeared in the syrup and it became darkened in color, 
losing the individuality in color and flavor that might be expected 
from different varieties. 

The quantity of syrup obtained from tlio different varieties 
w^as rather uniform for viirieties that ri]>cned at about the same 
time. Carman and Slappy yielded in the neighborhood of 90 
ounces of syrup to the basket. Carman gave a syrup that w^as 
clear and reddish in color. The others were rather nondescript. 

The marmalade required somew^hat more labor. The fruit was 
allowed to become fully ripe on the tree, and as soon after picking 
as possible was scalded, peeled and cut up, the stones being re¬ 
moved. The material was then cooked for about two hours, 
strained through cheese cloth and the liquid portion boiled down. 
Then the solid portion was added together witli the sugar in the 
proportion of 1 to 6 and the product cooked for about an hour. 
This quantity of sugar was sufficient to give a good flavor, but was 
not enough to act as a preservative. Dependence was placed upon 
the jars. These were the round type with an aluminum screw cap 
lined with cork. After being packed they were sterilized at 15 
pounds for thirty minutes. The cork lining was very poor. If 
the cap was screwed down toio tight the threads were strained, and 
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there was not enough sugar to act as a preservative. Hence, there 
was considerable spoilage by mold and a few even had fermented 
when examined about two months later. 

A basket of fruit naturally made more marmalade than it did 
syinip. Of the early varieties used, Carmen and Slappy yielded 
about ISf) ounces per basket, Early Orawfiord 140 ounces, and 
Hiley, Belle, Elberla and Stump about 110 to 120 ounces of mar¬ 
malade to th(‘ basket. This variation in the amount of product 
from the different varieties is probably due partly to moisture 
conditions, as the later varieties had to obtain their growth during 
a period of drought. 

More individuailty was shown in the marmalade derived from 
different varieties than was the case with the syrup. Yellow var¬ 
ieties made a yelb)w marmalade and the white varieties a white or 
pink or red marmalade. There was individuality also' in the fla¬ 
vor's. The vai'ieties of the Crawford type gave a somewhat better 
flavor* than Elbei’ta and Slajrpy. 

Oviug to the I'elative smallness of the output and the amount 
of spoilage, uo attempi was made to market the product. Several 
lessons were lear'iied, however. The bulk of the ])rodiiet can best 
be handhsl by Iwo classes, confectioners and restaui'ants. The 
])lan for next year* is to limit the sizes of the packages to two or 
thr'cc. The first size will be two-ounce. The stylo of jar is still 
to 1)0 selected, but will probably be a glass lopped scaled jar. This 
<'ize, (losignod for I'cstaurants, vill be called the individual size 
and will give a sufficient quantity fur an individual portion to be 
ser'ved with hot eakes, waffles, etc. The other size will be one or 
two quart glass topped jars. By u.siiig only these two sizes, the 
expense of shiptriiig cases wnll be lai'gely eliminated. 

A distinctive lalx'l has been pr'opared w^hich will bear the same 
seal that is upon our peach crate label, and our endeavor will be 
to koo]> the quality of the by-product on a par wnth the quality of 
the fruit that we ship. 

The lessons learned during the fii’st season of operation per¬ 
tain, fij'st, to the type of package to be used, second, to the addition 
of more sugar tK> the syrup and marmalade so as to obtain more 
bulk from the fruit used, and third, to the necessity of at least one 
more cooker of the same capacity as the one already installed or 
even larger. Th(‘ possibility of adding a small quantity of a green 
fr'uit high in pectin (such as gooseberries were formerly used in 
making cranberry jam) that would not injure the flavor of the 
product, but would tend to slightly thicken it, is being considered. 

The utilization of w^astein some by-product often means the suc¬ 
cess or failu 7 *e of a commercial enterprise. It is believed that peach* 
gi’owing can be made more profitable by using in this manner the 
carloads of fruit that go to waste in a season of big crops and sm^ 
small prices. We hope that this demonstration experiment will a«rist 
in the conseiwation of food, and in making peach growing more 
profitable. 
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VEGETABLE SEED GROWING AND BREEDING. 

By J. AV. C"ro\v, Agjv'ciilfural ColleifCf (hulpJi, Ontaria, Canada. 

The very modest nmount of vcj^etable seed work 1 have done 
was undei’taken. first, to find out whethei’ hi^?h-j2fi*ade setnls could be 
jrrown in Canada, and, second, to improve existing stocks. It was 
felt that if f?i*owers were to be asked to undei’tako (*oinniercial pro- 
duetioji of se(‘d crops it would be to the advanta^^re of all concerned 
if they could haA’c placed in their hands well-bred, hi^h-class 
“stock” seed with which to be^in. We made a start with Paris 
Golden Self-Blanching celery in 19BI and our hoine-^rown product 
surprised us in 1914 by its excellence. Jn 1915 we made a be^in- 
nin^ with Detroit Dark Red beet, Chantenay caiTot, Glory of Enk- 
hui/en cabha<ye, Southport A'ellow Globe onion and Golden Bantam 
<Mmn. and we have since added Hollow Crown ])arsnip, Victoria 
spinach, also beans of several varieties and Wayahead and Grand 
Rapids lettuce. Of the last named we were fortunate in securing 
from Mr. D. N. Shoemaker, of the Uiiited States D(‘partment of 
Agriculture, scmic of his best seed which w(‘ have continued to 
grow and which is rate<l by all of our growers who have tried it 
as the best they have over seen. The calamitous frost of September 
9, 1917, wiped out oni* three years’ work on com and we have not 
started again. 

We find that the [)roblem of purifying varieties and strains is 
much more difficult than we had supposed so that after four years 
of painstaking work we find ourselves possessed of but limited 
quantities of our best sto(*ks. It must be borne in mind that our 
work has not been done on a large scale because of limited oppor¬ 
tunity and because the accuracy of detail involved has precluded 
larger scale o])erations. We have learned some things of interest 
and importance, nevertheless, and T am i)leased indeed to ])ass on 
to you such information as we now have. 

We have learned that many, perhaps most, of our vegetable 
varieties are far from pure and are much in need of attention on 
the part of car<‘ful btwders. For example, in Southport Yellow 
Globe onion we find this year in some strains a percentage of white 
bulbs. These are grown from the second generation of our own 
seed and we know positively that the parent and grandparent bulbs 
were Southpoi’ts of the veiy best type and color. We know, too, 
that no onions of any other color or kind have been grown any¬ 
where near and that no out-crossing has occurred. The only ex¬ 
planation is that the white color (which occasionally shows tip in 
any strain of Southport) has not yet been bred out. In all our 
work we. harvest the seed of individual plants separately SiiiA test 
out tJieir progeny in separate Ms, Some single-plant progeny lots 
show no white, but certain others show as high as two or three 
per cent. In our onion breeding work this year we sowed the seed 
in flats indoors and transplanted carefully by hand so as tp get 
every seedling that could he induced to gi*ow. 
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Wo have learned that high-^rade aeed of good germinating 
power ean b(' produced at home and in our commercial truck garden 
this year all, or nearly all, of our beets, onions, cetcry, cabbage, 
spinach and letiuce were grown from our own seed. Parsnip and 
eaiTot seed of our own growing made a good showing this year in 
comparison with commercial stocks, and seed of these crops pro¬ 
duced this year will be used for next season’s main crop. 

Our experience with lettuce and cabbage has not been satis¬ 
factory and 1 question whether these seeds ean 1 k‘ grown in a com¬ 
mercial way in our climate. The heat of summer and the rains we 
commonly get in the blooming season seem to prevent free setting 
of Ke(‘d. We have also tried cauliflower, but with oven poorer re¬ 
sults, although it, no doubt, could be produced under glass by 
starting the plants in time to get them in bloom early in June. 
We hav(‘ grown cabbage seed under glass in a small way with ex¬ 
cellent results. 

With celery we have succeeded admirably by storing the se¬ 
lected plants until January and then planting in the gi’oenhousc 
bed three* feet apart. We have grown our owm celery seed for five 
years and in that time have had only one failure. This was our own 
fault and eonld easily have been prevented. Individual plants 
have yielded as high as ten ounces of seed and our average for the 
four successful years is ai’oun<l 5 ounces per plant. At this rate it 
w’ould ])a^ to giwv celery seed as a glasshouse crop if one could 
w'ork up a market for a strictly high-class strain. This should not 
be difficult as (*elery specialists do not grudge the extra price if 
tlu* quality is there. We have developed three strains of Paris 
Holden of considerable promise* and last si>ring sent out a number 
of samples for testing. 

Our ex]>(*rience with onion, beet and spinach for seed has been 
satisfactory and has quite convinced us that these seed crops could 
if necessaiy be jiroduced in our own province in sufficient quan¬ 
tity to more than supply our own needs. It is probably true that 
som^ of the western mountain valleys with diw summer climates 
I'ould grow these seeds cheaper than they could be grown in On¬ 
tario, but it is, ncverthel(*ss, some satisfaction to know that they 
ean be grown in this province sufficiently well to justify commercial 
growers taking thorn up as a business venture. Some of our own 
carrot seed has germinated satisfactorily, but some has done ver>" 
badly and we do not yet know whether this can be ovei*come. Jn 
the case of parsnip, the web w^orm has been with us an insuperable 
obstacle and while this year we secured a fair yield of seed the cost 
of combatting the post Avas out of all reason in a business way. At 
other points in the province it has been much less injurious. 

It has been frequently alleged that home-grown seed is neces¬ 
sarily inferior, but so far as our experience has gone we have found 
no justification for the statement, provided care is exercised in se¬ 
lecting seed plants or in rogueing out undesirable types. In fact 
it would appear as though seed stocks bred and raised at home 
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would likely prove even more satisfactory than those raised else¬ 
where. Both the science and practice of breeding seem to point in 
this direction and even if the stock seed we are producing is ulti¬ 
mately sent elsewhere for commercial increase it would seem reason¬ 
able to say that the preliminary breeding work and the isolation 
of desirable strains should l>e carried on in the region where the 
resultant commercial crop is to be grown. At any rate, there is 
certainly no doubt in my mind concerning the possibility and prac¬ 
ticability of improving vegetable crops by breeding. It is in this 
connection that I wish to point out our most important discovery, 
which is not a discover^’ at all, but simply corroboration of what 
breeders have long known, viz., the importance of pedigree. As 
already stated, our invariable practice in breeding for improvement 
is to save the seed of each parent plant separately and to sow it 
separately. The individuality of each resulting progeny lot is 
always obvious and frequently very marked. 

Most of these plants cross-pollenize more or less in nature and 
up to the present we have taken no steps to prevent this because 
of the difficulty of so doing and because breeders have so often 
warned against the dangers of too close breeding. We have some 
evidence, however, to suggest that possibly more rapid progress 
would be made if self-fertilization were practiced in those plants 
which normally cross and in which sclfing is possible. 

The basis of all improvement lies in the fact that two indi¬ 
viduals which look alike may vary greatly in the ability to trans¬ 
mit their good points to their offspring. By testing their breeding 
power we are able to discard all poor stociks and retain those of high 
breeding value. Wo have found that it is not possible to know 
beforehand how a given individual will behave in respect to trans¬ 
mitting its characters—the only means of knowing is to try it and 
see. 

As to whether vegetable growers could grow^ their own seed 
supplies with profit, I am inclined to think it would not pay ordi¬ 
nary growers except in case of crops like tomato, where it is easy 
to mark selected plants and leave the whole crop for seed. In‘gen¬ 
eral it is perhaps safe to say that no one, but a specialist would 
care to go to the trouble of making single-plant progeny tests and 
unless this w^ere done one might better buy seed from a good com¬ 
mercial seed grower. There is no question in my mind but that it 
would pay a grower of a specialty crop to grow his own seed, but 
the point may well be emphasized that the important thing after 
all is the breeding of it. It is a ‘simple matter to grow seed, but 
it is not a simple matter to produce seed which will give a strictly 
high-class, uniform crop of the kind that will increase the grow¬ 
er’s returns by 10 or 15 or 25 per cent. 

We have found that by far the most difficult part of seed 
growing is the proper drying and curing of the seed. The seed 
heads of carrot, parsnip and onion are picked as they ripen. They 
require to be spread out under cover in a dry airy place to cure^. 
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The practice with beets is usually to cut the whole plant when the 
seed iKJgins to shell. The same is true of lettuce, spinach and celery. 
If curing can take place under cover one should have no difficulty 
whatever, but if the curing must be done outdoors look out for 
trouble. Our practice has been to use greenhouses and cold frames 
for curing seeds, but an open, airy shed would be satisfactory. The 
point to be guarded against is wet, which delays ripening and 
causes mould and premature goimination besides actual loss from 
shelling. In using glass one should see that the temperature does 
not run too high as the soft and immature seed would probably be 
injured thereby. 

In handling beets, carrots and parsnips for seed, select smooth 
specimens of medium size or larger, keeping close to variety type. 
Store in pits or in a cool cellar. Do not allow the roots to wilt or 
even to become dry. The best plan is to store in eailh, which 
should be always moist. Set out in well-prepared land early in 
spring. Plant firmly, covering crowns not more than one-half to 
one inch deep. Our practice is 1o plant in plow furrows. Long 
roots like ])arsnips can be laid in on a slant. Space Ihe rows 
three feet pari, with the roots Iwo feet apart in the row. Tn wsmall 
scale work support the plants to prevent damage by wind or rain. 
In large scale operations this is not possible and hilling up is an 
ad\antagc. Tillage should be thorough and frequent, as seed plants 
seem to suffer very quickly for lack of moisture. The seed ripens 
in August and when thoroughly dried may ])e thrashed by rubbing 
between the hands or with a flail. Beet seed may be put through 
an ordinary thrashing machine with half the teeth ofP the cylinder, 
(leaning may be done with an ordinary fanning mill, although it 
is only fair to say at this point that if seed is to be handled in 
quantity special maehineiy will be required for thrashing and 
cleaning. 

In commercial seed growing practice it is the custom with root 
crops to make late sowings in order to produce small roots which 
will require less space in storage. These small roots are called 
‘^steeklings’’ and while the commercial seed grower is compelled to 
use them in order to save space it is probable that the best results 
in breeding would be secured by using wrell-developed roots of not 
less than medium size. 

(Unions intended for seed growing should be stored in a cool, 
W’^ell ventilated, drs" room. Bulbs selected for planting should be 
firm, with small necks and should represent the proper type for 
the variety, with the exception that globe varieties have a strong 
tendency to produce flat-bottomed stock and the ideal seed type in a 
globe onion is, therefore, slightly longer at the base than would be 
desired for exhibition. Some of the best commercial growers of 
onion seed recommend early fall planting, setting the bulbs in well- 
drained land three or four inch^ deep. If spring planting is fol¬ 
lowed they should be set as soon as the land is ready to work. 
Space the rows three feet apart with bulbs twelve inches apart in 
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the 3‘ow. It is advisable to plant deep and hill up so as to support 
the seed stalks. Seed ripens in September and after curing and 
cleaning the good seed may be separated from the poor seed by 
placing it in water. The good seed goes to the bottom and any 
which floats can lie discarded aa worthless. 

In our climate spinach will not winter outdoors, but we have 
no trouble in getting a good crop of seed from the fii’st sowing 
made in the early spring. We have been breeding spinach for 
long standing rather than for earliness and our pmcticc is to thin 
the plants to a foot apart while they are still small and rogue out 
those which start to go to seed too early. The spinach plant is 
dioecious and thus only about one-half of the plants produce seed. 
The olhers produce pollen only and are necessary to the fertiliza¬ 
tion of the seed-bearing plants. 

Lettuce is handled in practically the same manner as spinach 
and while I have intimated in the foregoing that wc have not been 
altogether successful in getting a satisfactory" yield of lettuce seed, 
1 may state here that there is probably no plant which will show 
so plainly the ofTect of careful breeding methods. Lettuce is en¬ 
tirely self-fertilized and single-})lant ]>rogeny lots show remarkable 
individuality. 

Land for seed growing should be in good tilth l)ut should not 
be too heavily supplied with nitrogenous manure. Superphosphate 
should 1)0 used in abundance and three hundi'od to four hundred 
pounds per acre would probably not be too much. 

1 have not mentioned saving seed of tomato, sweet corn, cucum¬ 
bers or melons, for the reason that many growers already save their 
own and with excellent results. We are doing some work with 
garden varieties of l)eans and the indications are that it would pay 
well to grow a special block of one's favorite commovial variety 
and rogue out carefully all plants of undesirable types or those 
which show disease. Th(» bean plant is subject to a long list of dis¬ 
eases and I am hoping that by careful selection of seed plants, fol¬ 
lowed by the testing of the same after the progeny lot method, it 
will be possible to develop satisfaetoiy varieties free from disease. 

We have had under way for some years the breeding of out¬ 
door tomatoes and glasshouse cucumbers and hope to have some 
valuable new sorts to send out for testing at an eai’ly date. 

In conclusion, it should be pointed out that the seed situation 
is in a very unsettled condition at present. While the war was in 
progress we were compelled to undertake the growing of our own 
seeds in order to insure a supply. Now that hostilities have ceased 
and traffic is likely soon to return to normal, we are all keenly in¬ 
terested in learning whether there are surplus stacks of seed any¬ 
where and in what direction they are likely to move. During the 
ivar considerable quantities of seed were exported from the United 
States to Europe and both the United States and Canada were well 
on the way toward producing all of their own requirements. It is 
altogether probable that since we have had to learn how to grow 
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seeds we shall eontitxue to grow them. Whatever may he the out¬ 
come with regard to the readjustment of the world trade in vege¬ 
table seeds, I incline personally to the view already expressed that 
the grower of a specialty crop would find it profitable to produce 
his own supply of well-bred seed. Especially is this true with the 
higher priced crops or those in which market value is based on the 
finer points of color, form, or quality, rather on that of quantity 
alone. 

VEGETABLE GARDENING ON A WAR BASIS IN THE 
COLLEGES AND STATIONS. 

By (\ E. Myehs, Experiment Station, State College, Pa, 

When this subject was suggested for discussion at the annual 
meeting of this Society, the second battle of the Marne had not 
been fought. The cause of democracy was in the balance and 
every effort was being put forth which might possibly contribute 
to the turning of the tide. Industries and business of all kinds 
were being reorganized and readjusted to make them more effi¬ 
cient and to aid in bringing about the one great end—the winning 
of the war. 

Almost from th(‘ time that hostilities began we were told 
that “food will win Mie war:” yet so great was the demand for 
the production of munitions and th(‘ need of men for the army, 
that unless a ]>erson was actually engaged in tilling the soil and 
producing crops, he was, in some ijislances, given to understand 
that his efforts as a horticultural worker, either as a teacher, or an 
investigator, were not the kind that was needed in the X)resent 
cmcrgt‘n(*y. Some of tin* younger men of the profession w’ere with 
difficulty j'etained in their positkms because of the point of view 
taken by some of the draft boards. 

While no one familiar with the far I'oaching results of the 
work in horticulture would (juestion its direct contribution in the 
present ernei’goncy, yet it was thought that a conference of the 
men engaged in the work would prove ])rofitable. At this eon* 
ferenee past experiences ctuild be related, view ex¬ 

changed, and pci*ha])vS a more definite plan of work outlined for 
the future. 

Sinee then 'the war has been won, and instead of f(n*mulating 
plans which would be especiall.y applicable to war-time conditions, 
we shall enumerate some of the things which the various colleges 
and stations have done, quite independently, but none the less 
effectively. 

Unfortunately our I'ecord of achievement is incomplete. For 
a long while after the subject was suggested there was consider¬ 
able uncertainty as to whether our meeting would be held, and 
there were aW other delays, so that nothing was done to secure 
data until less than three weeks ago when a questionnaire was sent 
out to the instiutions where it was believed that the indratry had 
most probably received especial attention. Of the thirty**seven 
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inquiries thus sent, thirty replies were received, and the coopera¬ 
tion thus afforded has been very gratifying. 

It IS impracticable to include in this paper a complete record 
of the work that each institution has accomplished, but if you will 
go with me for a few minutes we will make a flight by airplane, 
in fancy, from the gi^anite cliffs of New Hampshire to the Golden 
Gate, with a few stops along the way for gasoline and oil, when 
we shall note some of the more outstanding features of the work 
accomplished at the vaifous places. 

At the New Hampshire College, special courses wei*e given 
to girls in vegetable gardening, wiiile the men were trained to 
fill positions as garden supervisors fur cities, towns, schools and 
factories. The head of the Department of Horticulture was made 
supervisor of war gardens, and the assistant professor of horti¬ 
culture .spent a considerable i)art of his time in stimulating war 
garden activities thj’oughout the state. 

At Massachusetts the commercial phase of the work received 
especial emphasis. Growers were urged to produce staple crops 
in abundance, and also produce^ nioi'c of their own seed. Two 
men in the department devoted almost their entire time to home 
gardening \vork, vuth very marked results. It is estimated that 
about 24,000 acres of land were planted in strictly war gardens, 
and the value of the crop was estimated at $(>,000,000.00. This was 
the result of the combined activities of the college, county agents, 
state fooii production committee, and the national Avar garden 
movement. In the market gardening field station demonstrations 
were carried on in vegetable seed production. A number of pub¬ 
lications were also issued for the further stimulation of the vege¬ 
table production movement. ‘‘A fact that should be noted is that 
many of the leading vegetable growers of Massachusetts were 
chairman of the food production co-mmittees in thcil' local towns, 
and lent their time and energy and knowledge without stint in the 
face of the very apparent fact that the home gardening would 
work considerable hardship to them.^^ 

The work at the New HaA’^en Station was somewhat handi¬ 
capped in the change of personnel in those engaged in vegetable 
gardening work. IIoAvever, one project, which was of direct con¬ 
nection with the food production, was a test of four varieties of 
sweet potatoes and eight of beans, including two of western origin 
supposed to thrive on dry soil. These were planted in sandy land 
that is verj^ common within the limits of the city of New Haven, 
and is also represented by large areas of land north of the city. 
The person in charge of vegetable gardening was also the secretary 
of the Connecticut Vegetable Growers Association, and spent a 
great deal of time in the affairs of the Association, and also in 
the war gardening work in the City of New Haven. 

At Cornell the chief line of activities was with respect to 
school gardens. It is estimated that there were 170,000 home 
gardens; 17,000 school gardens; and from 10,000 to 15,000 factory 
gardens in the cities and towns with which the extension man ear- 
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lied on his work. In the instructional work at the college there 
was considerable emphasis laid on the emergency with reference 
to food production, and courses were given to teachers and garden 
supervisors which would aid them in carrying on the general f9od 
production campaign. All of the extension and teaching work 
was based upon results of previous investigations in vegetable 
gardening. 

In Pennsylvania, attention was directed chiefly along the pro¬ 
motion of the war garden movement. One man gave his entire 
time to this work, and a bulletin of an issue of 100,000 copies was 
distributed. S])ocial sources were given to prepare supervisors for 
w'ar gardens. A project with respect to fertilization of vegetables 
was planned and preparation made to instiute it in one or more 
of the loading tniekiiig districts of the state. 

At the Now Jersey Ex])erimont Station special efforts were 
made to secure an increase in the tomato and sweet potato crops. 
It is estimated that the increase in tlie tomato production in south¬ 
ern New Jersey was about 50,000 tons over that of last year and 
thoi’o was also an appT*oximate increase of 300,000 bushel of sweet 
potatoes in the same section of the state. This increase is attri¬ 
buted to the combined efforts of the county agents and extension 
specialists. It was through the activities of these agencies that a 
more equitable price for canhouso tomatoes was secured for the 
growers. In the College*, special attention was given to the train¬ 
ing of men for war garden work. 

At Delaware the principal war work was conducted with to¬ 
matoes and sweet potatoes. The tomato work was l)ased on experi¬ 
ments in transplanting plants, but because the ideas involved were 
now to the growers, not much progress was made. However, with 
sweet potatoes the results were much more encouraging. Two or 
thr(‘e years previous to the war, quite extensive investigations were 
carried on in growing sweet potatoes with the use of barnyard 
manurti and discarded manure from mushroom houses, which 
showed that good yields could be obtained with the addition of but 
a small amount of commercial fertilizer. It was found in an ex¬ 
periment that i)otash is a vital factor in growing sweet potatoes, 
and as soon as potash became scarce the growers were in a very 
uncertain position. However, by making use of the results of the 
investigations previously noted, and as a result of advocating these 
manures, the sweet potato crop was actually increased during the" 
last year, and it is believed that more was accomplished because of 
the emergency which existed than would have been possible to ac¬ 
complish in ten years under normal conditions. 

At the Maryland Station, it was considered inadvisable to plan 
projects because of the time necessarily involved, but the demon¬ 
stration work was based upon results already obtained. S6me of 
the men temporarily discontinued their scientific investigations and 
devoted their time exclusively to the war garden movement* 
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At the Virginia College and Station, one man gave his entire 
attention to propaganda work in reference to home and commercial 
gardens. 

The Truck Experiment Station at Norfolk contributed mater¬ 
ially to the promotion of the home garden movement, as well as 
commercial vegetable gardening, by the use of the results obtained 
in investigations for the past several years with respect to varieties 
grown, fertilizer treatments for the crops, and the control of vege¬ 
table diseases and insects. 

At the North Carolina institution, although no new projects 
were started solely and s])ecifically for war purposes, every one in¬ 
terested in the work bent all the energ>" at his command to the 
winning of the war, and through bulletins, lectures, extension work¬ 
ers and county agents in every county sent broadcast throughout 
the state the knowledge Avhieh has resulted in the greatest produc¬ 
tion the state has ev(‘r known. All-the-year-roiiiul-gardons^’ was 
made a special feature in this state. 

Tn G^eorgia, the work was chiefly alpng extension lines, the 
teaching being based upon results previously obtained from the 
work at the experiment station. 

In Louisiana, difficulties wore experienced in the changes of 
personnel and inability to fill positions. Some work was done with 
sweet potato storage. As in other states, the war garden movement 
received a great deal of attention. One pei^son gave her entire time 
to the stimulation of this work, in which more than 20,000 gardens 
were reached. In addition to this many circulars 1o meet special 
conditions were published and disseminated. 

The West Virginia institution concentrated chiefly on the ex¬ 
tension phase of the subject and gave special attention to the pro¬ 
duction of the potato. One man gave his entire time to the develop¬ 
ment of the potato industry. The war garden work, however, was 
not overlooked, although the depail^ment was unable to obtain a 
suitable leader, and in lieu of this, the whole department turned in 
and did everything in its power to stimulate the city and miner’s 
gardening movement. A survey during August indicated that this 
program added one and one-half million dollai^s worth of produce. 

At the Ohio State University most of the work having to do 
with war garden problems in vegetable gardening was of an exten¬ 
sion character. Si^veral bulletins were issued to the extent of many 
thousand copies. Through the extension department there were 
projects carried on such as tomato spraying and potato spraying, 
and potato seed selection which no doubt helped to increase the 
yield of these crops. The services of the entire staff of the depart¬ 
ment of horticulture were available for such infonnatioii as might 
be desired. 

The Experiment Station at Wooster published a great deal in 
the way of instruction, and has furnished a large quantity of gar¬ 
dening material for the newspapers and through the monthly bul¬ 
letins. The greater part of the articles prepared for instruction 
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were based upon results of the experimental work and of well* 
known horticultural facts. 

The Department of Horticulture at Purdue University gave 
a large amount of time and effoil to war gardening. Pakicular 
attention was devoted to the potato work where it has assisted in 
securing and urging the use of better seed stock. The department 
also cooperated wdth the state and national seed stocks committees 
in locating the needs for their supply of vegetable seeds. Material 
aid was also rendered the camiers of the state in stimulating an in¬ 
crease in acreage and production on the pai*t of the growers. Spe¬ 
cial courses WTre given at the University in training garden super¬ 
visors and a course of lectures, which w^as attended by from 30 to 
60 teachers, Avas given in the Uity of Indianapolis. Two bulletins 
on vegetable gardening were issued by the Experiment Station. 

In Illinois it was felt that the wrar gardening movement was an 
iinpoilant factor in winning the war, since it lead thousands of 
people, who never thought of gardening Ix'fore, to furnish vege¬ 
tables for tlu'ir oavu tables. This has resulted in the release of 
large <iuantities‘of food for foreign consumption. The war garden¬ 
ing movement in Illinois w^as stimulated by the Department of Hor¬ 
ticulture in that many of its leaders Avere secured from its grad¬ 
uate's in horticulture. The Station also f)ub]ished three circulars 
on gardening subjects to meet special demands. In addition to 
these publications issued by the Experiment Station, members of 
the staff* furnished manuscript for three circulars on vegetable 
gardening publislu'd by the State Council of Defense for use in the 
Boys’ Working R(‘serve, and also manuscript for a publication en¬ 
titled ‘‘The War (lard(‘n," issned by the War Committee of the 
UniATrsity of Illinois. When urg(‘n1 deniands came for increasing 
the miiiiber of county farm advisers in Illinois as an emergency AA^ar 
measure, the dojiartinent released one of its most A^aluahle vegetable 
men to take up the Avork in a s(H*tion Avhere vegetable interests were 
especially impiu'tant. The vegetable division also coiitribntd one 
vegetable man for work in France. 

In Mii'higan unusual efforts Aven* made to encourage Avar gar¬ 
dens. Extra men Avere (*niployed and aW contributed to the stimula¬ 
tion of the Avork as much as possible. 

In Wisconsin it Avas felt that it Avas doubtful if there Avas eA^r 
a greater proportionate increase in any line of food production dur¬ 
ing the war than th(u*e Avas in gardening. There was more written 
on the subject and more jieople Avho Avent into it, particularly from 
the home garden standpoint than there Avas in any other line of 
food industry. As a result of the various activities to promote 
an increase in the Avork in vegetable gardening, is has been esti¬ 
mated that the increase in acreage w’^as possibly 150 to 200 per cent 
over what there was previous to the w^ar. Special attention was 
given to providing instruction for beginners in gardening. Cir¬ 
culars and bulletins were issued and lectures given in cooperation 
with the State Horticultural Society in all the larger towns and 
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cities of the state. In the regular college Avork special gardening 
courses were provided, the object being to instruct students to 
supervise and organize garden work in their own communities. 

Minnesota directed most of its attention to the stimulation of 
war garden movement. One man gave almost his entire time to 
the Avork, and another had charge of the boys' and girls^ club work, 
who reports that there aaxm'c about 20,000 boys and girls enrolled 
in gardening in the slate during the past year. It is estimated that 
the value of the production in the home gardens exceeded $4,000,- 
000.00. With respect to the Experiment Station work and the out- 
groAVth of itsi direct use important results were obtained in the. 
selection of seed potatoes. The dissc‘mination of this information 
ixsulted in the saving of vast (quantities of seed and increased the 
produ(*tion of the crops. 

At North Dakota, most of the Avoik in vegetable gardening 
towards winning the war was done through its Depai’tment of Ex¬ 
tension which organized boys' and girls' (*lnbs. One hundred and 
eighty-tAVO clubs were (n‘ganized Avith a total enrollment of 3,472. 
Out of these, 1,434 reiiorted at the (‘nd of the season. The size of 
the j)lot re(|uired l)y ea(^h member Avas lone square rod. It is (esti¬ 
mated that $16,600.00 Avorth of Axgetables Avere qiroduced at a cost 
of $7,000.00. In addition to these (dubs, there were some 1.300 boys’ 
and girls’ AA^ar gardens producing food ha\dng a value of $13,900.00. 

At Missouri a model home garden Avas instituted as a war¬ 
time project. A great deal of attention Avas given to the pj*o- 
motion of v('getablc gardening in boys’ and girls’ gardening clubs 
Avhich iiumbei’cd 8,000 members in 1918. Specialists Avere also 
sent to some of the large toAvns for Avork, (\spceially Avith adult 
gardeners. 

Tn Kansas timely circulai's were x>ublislied by the department 
and sent to every county agent, farm bureau and rural sekool in 
the state. Competent sptmkers visited the principal cities and 
towns, and assisted in the organizing of gai'den clubs. Emer¬ 
gency agents Avere sent to the principal gardening sections after' 
being given a special course by the Department of Horticulture. 
The information sent broadcast through the state Avas compiled 
through experiments in \xgetable gardening, Avhieh have covered 
a period of twenty years. This related to the best varieties to 
gi’ow, the proper preparation of the soil, fertilization, and control 
of insects and diseases. Rather extensive reports received from 
men in the field indicated that the areas devoted to gardening were 
increased at least 200 per cent. 

At Iowa special attention was given to the following projects 
as war actiAuties in the vegetable gardening A\mrk, production of 
shell beans, production of 'sorghum syrup, canning of vegetables, 
drying of vegetables, and war gardens. The statement is made 
that it is doubtful if there has been any line of production in the 
middle west where there has been any greater activity during the 
period of the war than in the vegetable work. 
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In Nebraska the chief items of interest resulting from wartime 
, conditions were the elimination of many variety tests and the 
growing of a few on a commercial scale «o that the ground would 
be made productive and the records of oommercial importance* 
The second was the forcing of a grading scale upon the potato 
growers of the country, which met with a good deal of opposition 
at first, but which seems to be a decided advantage and has con¬ 
vinced the growers that it is profitable to grade for the markets* 
The war garden movement also received a great deal of attention 
and was of value not only because of the large amount of produce 
raised, but also was of great educational value to the people* 
An irrigation project was instituted and demonstrated that the 
yield could be more than doubled in certain crops by the use of 
water supplied at the proper time. 

In Oregon the educational phase of the subject received a 
great deal of attention. Meetings were held for the purpose of 
interesting farmers in the contract i)roduction of vegetables for 
canning and dehydration plants whi(*h received large government 
ordei'H. Many of these fanners had not produced these crops 
previous to this lime and instructional material from the college 
was used as an aid in their woik. Demonstration trains were run 
to various parts of the state. One of these trains was devoted to 
the question of home production of vegetables. A regular course 
in vegetable growing was given at one of the large department 
stores in Portland. Vegetable gardening extension work in the 
inte!'<»sts of vegetable production was covered also by the four- 
minute-men. These united effoids brought about an unparalleled 
I)roduelion of vegetables both in a contract way by farmers for the 
processing plants and also by city dwellers. It is estimated that 
the amount of produce which has been processed during the year 
will amount to between thirty-five and fifty million dollars, which 
includes both fruit and vegetables. The instructional work in the 
courses was largely changed with the viewi of training men for 
quartermaster's work in purchasing, inspection and distribution of 
horticultural goods. 

In (California the work w^as severely handicapped because of 
so many men joining the Seiwice. Nevertheless the division pub¬ 
lished during the period of the war, eight circulars relative to 
various phases of home and commercial vegetable gardening, 
aside from this it has taken over the planning and somewhat of 
the detailed work of preparing and of planting from 500 
to 1,000 acres in vegetables, which are being dried for government 
use in Europe. 

While this report is necessarily brief and incomplete, yet in 
our opinion, it seiwes to show that the persons engaged in horti¬ 
culture as a profession, have not failed to apply their knowledge 
and energy to good effect in a thoroughly practical manner, and 
have thus contributed materially to the winning of the war. 
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EEPORT OP TSE COMMITTEE ON GRADUATE WORK. 

By W. H. Chandler, Cornell University, Ithaca, N. Y, 

Since such thorough reports have been made by this committee 
on previous years, it docs not seem wise to consume much of the 
time of the Society with discussions of graduate work. The essen¬ 
tials for good graduate work are equipment, a good library, and 
teachers with sufficient scholarly attainments to direct the work. 
It does not seem then that gi’aduate work in pomology can be 
greatly improved through discussions in this Society, since schol¬ 
arly attainments cannot be acquired through resolutions by a 
society. The purpose of graduate work for the student is to assist 
him in acquiring the ability to arrive at the truth through a care¬ 
ful weighing of the (‘vidence. In agriculture the evidence to be 
considered may be placed roughly in three classes. Since our 
knowledge of the underlying ]>rinci])ies is so limited, it is evident 
that no sound ;judgiii(‘nts can be reached without a knowledge of 
the actual experien(‘es and pj*actices of growers. The i)ractiees of 
the growers i*eprosoiit the accumulated experience of very many 
men, and the man is wist' who gives them very careful consideration 
before reaching the conclusion that some different practict would 
be better. 

Of course the kind of evident'c most commonly considered is 
that secured through field ex])erimen1s. In our work, however, 
the errors involved in such experiments arc so exceptionally large 
that the I’C.sulls must be accepted only after the most careful con¬ 
sideration. 

The third kind of evidence is that of the underlying seieidific 
principles. 8in(*e our knowledge concerning such principles is so 
incomplete, we can rather seldom reach conclnsions as to desirable 
practices merely by reasoning from these j)rineiples. Our conclu¬ 
sions will certainly be more nearly true, however, if a broad knowl¬ 
edge of scientific principles is brought to bear in valuing the evi¬ 
dence presented by practical experience and field experiments. 
Further, the best scientific habits of thinking have been developed 
by the ^vorkers in these fundamental sciences. For that reason 
alone the graduate student should become acquainted with the re¬ 
sults and methods of some of these sciences. 

Naturally, students presenting themselves for graduate work 
will have had different amounts of'training in these three different 
essentials. Thus a man may have done enough research work that 
he has acquired the scientific point of view, but he may wish to 
broaden his grasp of the fundamental sciences into which his work 
leads. Further, of course no two graduate students are likely to 
have the same plans for the future. For these reasons the work 
requii^ed of graduate students should not be the same for all. A 
graduate school, then, above all institutions, should be encumbered 
by very few rules or iron-clad requirements. 
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While committee reports on methods of graduate work, then, 
do not seem desirable, it does seem desirable here to emphasize the 
need of graduate training for a particular group of workers. 
Eveiyone seems to recognize the value of such training for the 
teacher and investigator, but its importance for extension workers 
does not seem to bo so generally accepted. Yet it seems to me that 
it is fair to say that the (jnestions of the extension man, consider¬ 
ing the way in which they present themselves, are more difficult 
than those of any other worker and require, in addition to close 
practical touch, a broader backg}*ound of fundamental knowledge 
for their answer than those of any other workers. The teacher is 
d(‘aliug with men who who arc separated, temporarily at least, 
from the difficult questions that are constantly presenting them¬ 
selves in practice. Further, he outlines the course, and determines 
pretty largely the nature of the problems to be discussed. He has 
time, in advance of that presentation, to inform himself concerning 
their possible solutions, and as a last resort, so far as his own per¬ 
sonal interest is eoneorned, he may hide his ignorance behind his 
interest in athletics. The investigator may choose problems suit¬ 
able to his training and intellect, and a man of very mediocre 
training, but with sufficient patience, and abundance of time for 
deliberation, may make useful discoveries. The extension man, 
however, has no such clioicc as to the questions to which he must 
give attention, liut generally has them thrust at him without the 
slightest opt)ortunity for jireparation. Tf he is attempting to be 
of any assistance to the better growers, he is dealing with a class 
of men who will lie quick to detect his errors, even though they 
may like him because of his personality. Yet it seems to me that if 
the extension work is to have ])ermanent value, the extension man 
must be oiu‘ whosc^ training enabk^s him to be of assistance to the 
better growers. In any eonimunity containing aggressive, suo- 
eessful growers, the man who is unsuccessful it seems likely will 
not be so through lack of information. lie is more liable to be so 
through some deficiency of character, assuming that he has the 
necessary cai>ital and a satisfactory location. None of these last 
items can be supplied by the most optimistic extension worker. In 
any given community, then, the measure of an extension man’s 
service will bo the amount of as.sistance he can give to the best 
growers, who arc examples for the others. It may be said that 
there are whole communities which arc backward and may be as¬ 
sisted by a person thoroughly familiar with the experience of other 
sections that are more progressive. At the outset, however, the 
workei* in such a community is confronted with an exceptionally 
difficult problem that requires not only a broad fund of knowledge, 
l)u1 exceptionally good habits of thinking, in determining whether 
or not it would be wise to foster an industry in a section where it 
has not yet been demonstrated by experience that such an industrj^ 
would bo profitable. 
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Some will say that it is the function of the extension worker 
to deal not with problems at all, but only with known facts, the 
difficult problems bein^ left, to the research man, who must furnish 
the background for the extension worker. Of course anyone who 
has taken the trouble to observe the methods of research knows 
that in any research of value the worker must follow his own leads, 
whether they go in the same.direction that the extension questions 
point or not. The questiojis in mind in the above discussion ai’e 
those of a temporary nature, the answers to which are often avail¬ 
able now through a comprehensive use of our present fund of 
knowledge. Anyway, what man of ambition and initiative will 
want to turn everything that is not superticial over to someone 
else? Further, a man without broad fundamental training may 
not be depended upon to know when a (}nest ion is too decT) for him. 
The answer to a question may soom simple merely })eeause he is not 
acquainted with its complications. He may thus do great hai’m by 
being too easily satisfied as to the true* answer to a (piestion. 

In the rapid development of extension, T think we have been 
justified in choosing men whose ])ei*sonality and knowledge of 
practical details would fit them for amicable dealings with the 
growers, even though thenr training might not be of the best. Yet 
it would seem that now they should be encouraged and given op¬ 
portunity to secure the best possible fundamental training to sup¬ 
plement their knowledge of practice. Not only will their value 
to the states be greater, but from the standpoint of their own in¬ 
terest it seems to me that it is only through such training as will 
put them in touch with the methods and findings of science that 
their work Avill have sustaining interest. 

It is hoped that nothing said above can by any possibility be 
constimed as a criticism of extension work(U*s. It has been the 
purpose decidedly to oppose the view that their work is more 
superficial than that of others. It seems beyond question that 
their work requires the maximum of scientific insight, and ex¬ 
tension work can have sustained interest to original and thought¬ 
ful men only when this fact is realized and acted upon. 

EEPORT OF COMlttlTTEE ON UNDERGRADUATE WORK. 

By J. W. Lloyd, University of lUinois, Champaign^ III. 

The recent withdrawal of the chairman and one other member 
of the committee has made necessary the appointment of two new 
members at so late a date that there has been little opportunity 
for organized work on the part of the present committee. Under 
the circumstances, it has been thought best- that each mcml>er of 
the committee present a brief I'cport on some phase of the work, 
and that no attempt be made to prepare a composite report from 
the committe as a whole. 1 shall speak briefly regarding certain 
matters pertaining to the work in vegetable gardening. 

A peiaisal of the catalogs and announcements of a number of 
agricultural colleges indicates that there are three courses in vege- 
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table gardening quite generally offered by such institutions in the 
United States. Those are (1) a general elementary course, (2) 
a course in the growing of vegetables under glass, and (3) an ad¬ 
vanced course in market gardening, emphasizing the commercial 
viewpoint. Sonn^ institutions offer various other courses. These 
include Systematic Vegetable <Vops, Truck Farming, School Gar¬ 
dening, Vegetable Judging, canning, Literature of Vegetable Cul¬ 
ture, and Experimental Vegetable Culture. 

Of these supplemental eoui^es, the one which is apparently 
receiving attention from the largest number of institutions is that 
111 Systeniatic Vegetable Crops or Systematic Olericulture. The 
committee wishes to emphasize the importance of a course of this 
kind for students spei^ializing in vegetable gardening. The three 
courses most coimnonly given deal primarily with methods of 
growing the crops, rather than a study of the plants themselves. 
But a student of veg('tal)le gardening should know more than cul¬ 
tural requirements. Intimate familiarity with the gross and even 
minute morphology of the vanous plants must precede any in¬ 
telligent attempt at yilant imjirovement. Differences in type must 
readily he recogniz(\l, and various tyi^es compared in reference to 
their relative merits for given purposes. Extensive practice should 
I>e given in the selection of individual plants for seed purposes. 
1'his is especially imjiortant now that the need for domestic seed 
prodiietion has been (‘mphasized. In the corn belt states, great 
stress is laid upon courses dealing with the production, selection, 
and handling of seed corn. In states where vegetable production 
is a dominant feature of the agrieiilture, similar courses in the 
(level(»pment of seed stocks of vegetables might well lie given simi¬ 
lar prominence. The harvesting, curing and care of seeds might 
I'ithei* be inclnd(‘d in siu'h a eoui*se, or offered as a separate course 
wlii(*h might includ(‘ also a consideration of the domestic trade 
in vegolahle seeds. (\)urR<'s in systematic vegetable crops and seed 
])roductinii should jiroferably be given in the summer quarter, 
\\h('rever the school year is divided into four quarters. 

Vai’ious institutions offer four-year courses designed par¬ 
ticularly for students desiring to specialize in animal husbandry, 
dairy inanufaetnr'('s, soils, tield crops, pomology, floriculture or 
lainiseape gardening. A few institutions outline similar courses 
for students spe(*ializing in vegetable gardening. More institu¬ 
tions should <io likewise. This is especially true in states where 
vegetable ])roduction is prominent. The annouin^ement of such 
coursers would aid in dignifying the profession of vegelablo garden¬ 
ing, and be a means of attracting students to this important field 
of study and research. 

REPORT OP COMMITTEE ON EXPERIMENTATION AND 

RESEARCH. 

By W. L. Howard, Vniversity Farrn, Davu, California, 

Now that the greatest war of all hivStory is over and business 
interests everywhere are endeavoring U get their bearings, it 
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should bo timely for the experiment station workers in horticul¬ 
ture to take stock of their business and find out where they stand. 
Undoubtedly the war, directly and indirectly, has greatly affected 
our experimental and research activities, but how much and in 
what way? It was also desired to know what is the outlook for 
the immediate future. 

To secure information on these ]>oints, a questionnaire was, 
recently sent out to the horticultural departments of the various 
institutions throughout the United States. It was desired especi¬ 
ally to know whether any im])ortant experimental or research pro¬ 
jects had to be aliandoned on aceount of war conditions. If any 
projects or imjmrtant parts of projects were abandoned, it was 
desired to know whether these station activities were discontinued: 

1. Because of loss of staff members to the military service; 

2. As county agents; 

.1. Because they left to enter some auxiliary war activity, 
such as the Y. M. (*. A. or Bed (Voss; or 

4. To go into l)usiness as a result of extraordinary oppor- 
Iniiitie^s of tin* difficulti(‘s or living on sniall salaries in war limes. 

Questions wi're also asked as to whether })rojects might not 
have been drojiped for other reasons such as lack of labor caused 
l)y war conditions, special activities of the staff men in war garden 
work, extension work, oj* on account of going into some of the 
various manufacturing industries.* Finally the ()])inion of the 
various horticultural departments w^as ask(*d as to the outlook for 
the coming year as regards getting back on a normal basis in their 
station activities. While the answers are not yet all in and con¬ 
sequently figures cannot be given, enough replies have been re¬ 
ceived to gain a fair idea of the general situation. 

Ja‘ss than half of th(‘ stations reporting have had to drop ex¬ 
perimental pi’ojects. Of those that did have to disconluiue pro¬ 
jects, nearly all had to droj) them on account of loss of men, each 
having lost from one to five nienilun’s of theii- horticultural staffs 
to the militaiw service. Of the staff membt‘rs lost to assunu^ duties 
other than in the ] nil it ary service, the V. M. (\ A. seems to have 
claimed the lar*gest number. In a few^ instances, but- only a few, 
horticultural staff' men were drafted temporarily by their institu¬ 
tions for i‘xtension service* and county agent- wo]*k. ]{<*garding 
loss of staff men resigning to go into liusiness, it is gratifying to 
TTcord that only a very small penventage have been lured away 
from their station duties by high salaries offcr(‘d by private work 
or unusual opportunities for going into business. This is a high 
tribute to the w'oi’kcrs in view of the fact that salaries have in no 
way kept pace with increased living expenses. 

A great many of the stations report a labor shortage due to 
their men having gone into industries especially connected with 
the w^ar, but more still w^ho were drafted into the militaiy service 
direct. Only a small percentage of the stations reporting have had 
to reduce their activiti(‘s because of lack of funds due to war time 
economy on the part of legislatures. ^ This is very interesting and 
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au eloquent testinioiiial to the earnestuens and fidelity of the work-" 
er» that they found ways of keeping their work going when it is 
well known that some institutions were very much handicapped on 
account of diminished support from legislators. In this same con¬ 
nection there was some indication that moneys which ordinarily 
would have been spent for horticultural station work, under stress 
of circunistanees was diverted to other lines, ]>resumably to ex¬ 
tension and other })ublicity activities. From 20 to 25 per cent 
of the stations reported interference with their projects because 
men on the staA' had their time taken up with war garden and 
\)ther special extension duties. 

While it would seem clear that horlicultural men and the 
industries they represent have been affected as much as business 
enterpriscvs throughout the country, they have yet been able to 
continue their actvilios although one can well imagine that many 
of the work(‘rs did this by burning the candle* at both ends. 

The most gi*atitying feature of all the information gathered 
as a result of the (piesiionary is the cheerful outlook for the im¬ 
mediate future for getting back on a normal basis. With only 
yvv} slight (|ualifications, the answers to this question were 
inianimonsly given as “g(»od/' '‘fine" or “exeell(*Jit.’ 

On the whole, the agrieultural experiment station w’oik of 
the eounliy was far It^^ss disturl)ed than the instructional work of 
1h(* colleges. It is now an o{)en secret how deans and heads of de¬ 
partments viow(*d with sinking hearts the rulings made by the 
spc'cial commit1('e (ui war education in connection with the in- 
slruetion to bo given in the Students' Army Training Corps 
throughout the eoiinlry. Agriculture, for th(‘ most part, was dis¬ 
regarded or ignored. While the exigeneios of the situation may 
have justified this to a certain extent us men were being trained 
for aelivt* army lift* rather than for any kind of civilian woi*k, it 
nev(*ilhel(*ss should have been kept in view that all the young men 
were not apt to eoutimie in the military service indefinitely, even 
though the wai* might have lasted for several years, many would 
Imve had to be discharged for minor disabilities so the writer can¬ 
not escape th(‘ conclusion that agriculture would have had a better 
hearing had it b(‘eu rejiresented on the sp(*eial eommittet* in charge 
of war education. That there was a lack of foresight is evidenced 
by the fact that tin* Y. M. (‘. A. and other auxiliary war organiza¬ 
tions soon discovered that a very high ]>ei*een1age of the boys in 
France were int(*res1ed in returning to agrieulturai pursuits. In 
fact, a far larger percentage of the men than went from agricul¬ 
tural ]>ursuits expressed themselves as expecting to engage in that 
lino of work when they retui^iu'd home. To meet this need active 
plans for starting schools of agrictdtural iuKtruclion in England 
for the benefit of the returning soldiei's wei^e* being formulated 
when the armistice was signe<l. Many of us iK^licve that instruc¬ 
tion Kueh as was being jilaiined might just as well have been given 
in connection with the S. A. T. C. schools throughout the countiy, 
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particularly where they were held in connection with aj?ricultural 
colleges, as perhaps most of them were. 

The most gratifying thought of all to look hack upon is the 
manner in which the experiment stations were regarded by the 
statesmen of the countiy. Governmental agencies consisting of men 
who are far-sighted themselves had the advantage of advice and 
counsel from other far-sighted men apparently mad(‘ up their 
minds quite early that experiment stations and their activities 
were fuiidamentfil to the welfare of our country. In other words, 
they were looked upon as the second line of defense, the boys at 
the front constituting the first line. After all, this opinion of the 
experiment stations is exactly in accord with the ideas neld by the 
far-!sighted statesmen who established the experiment stations 
in the darkest days of the Civil Wav. The lesson of all this is 
that the expeiament stations have undoubtedly made good, and 
daring our latest war, the station woi*kcrs throughout the land, 
even in the face of excilement, patriotic tVrvor and economic dis¬ 
turbances such as will probably never again b(* wiliu^ssed, have 
continued to k(‘ep tlu' faith. 

REPORT OF COMMITTEE ON VARIETY TESTING. 

By J. IT. Gourley, Chairman, Agricultural College, Durham, A. 11. 

The Committee on Variety Testing herewith presents its second 
report. 

The report last year consisted largely of the opinions of the 
various state colleges and experiment stations in regard to the ad¬ 
visability of maintaining large variety orchards. Various phases 
of this matter were discussed at that time and appear in the last 
annual report. 

At this time the committee wishes to present a list of orchards 
containing rather notable collections of varieties of fruits and nuts. 
To make such a list entirely complete would require more time and 
expense than were at the command of the committee, but it is hoped 
that the list here given may form a nucleus for a complete list at 
some future time. Jt has been rather surprising at the small num¬ 
ber of private orchards containing really notable collections of 
varieties w^hich have been as yet reported. 

Ame:rican Coi^leges and Experiment Stations. 

In the following list only large or notable collections of fruit 
and nuts are given, and it is not to be understood that these same 
institutions do not have lesser collections of other fruits and nuts 
or that institutions not listed do not have good collections. 

The figures in parentheses following the kinds of fruits or 
nuts indicate the number of varieties reported. 
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Arkansas .Grapes (148). 

California .Riverside—^Walnuts (25), citrus (300-400). 

Chico—Apples (48), fig’s (50), nectarines (18), 
olives (10), peach (40), prune (30), pomegran¬ 
ate (45), persimmon (70), pistaehe (8), pear 
(64), walnuts (18), grapes (400), etc. 

Imperial Valley—^Large collection of seedlings of 
dates and pomegranates. 

Davis—iLarge collection—Apricot (4), almond 
(35), fig (15), English walnut (25), Japanese 
persimmon (15), pear (40), peach (87), plum 
(30), cherry (40), p^an (8), pistachio (6). 

Berkeley—'Large collection of vines (vitis), nota¬ 
bly Vinifera, American (Labrusca, etc.), Phyl¬ 
loxera Resistant Stock, and miscellaneous. 

Canada .Guelph, Ont|—^Apple (80), currant (60), goose¬ 

berry (40). 

Ottawa—A very large collection of named and 
unnamed seedlings; apples (625), plums (139, 
mostly American varieties). 

Connecticut .Apples (200). 

Delaware .Apples (120), peach (80), pear (40), cherry 

(35), plum (60). 

Illinois .Apple (150), pear (65), peach (60), cherry (40) 

Indiana ..Apple (150), plum (45). 

Indiana Hort. Society—Large collection of apple 

, seedlings, etc. 

Iowa .Apple (100 named, 2,500 seedlings), pear (400 

seedlings), peach (200 seedlings), plum (100 
seedlings), 

Kentucky .Apple (130), grape (100). 

Massachusetts ..Apple (200). 

Maryland .Apple (200), peach (50), grape (100), and small 

fruits. 

Michigan .South Haven—Apple (250), pear (75), plum 

(110), cherry (72). 

Minnesota .Apple (200) plum (70). 

Missouri .Apple (100) grapes. 

New Jersey .Peach (100 named varieties, 2,300 seedlings), 

small fruits. . 

Nebraska .Apple ((180), plum (50). 

New York .Geneva—Apple (368), pear (175), quince (19), 

peach (373), plum (279), cherry (110), small 

fruits. 

Cornell—Variety collections, including large num¬ 
ber of seedlings of each. Apple (1,119), pear 
(502), quince (108), peach (325), plum (184), 
cherry miscellaneous (182). 

Nova Scotia .Kentville—Apple (227), pear (55), plum (90), 

cherry (54), peach (47). 

New Mexico .Pear (78). 

North Carolina .Peach (80). 

Ohio .Wooster—Apple (420), peach (159), plum (107), 

cherry (64), 

Oregon .Pears (700 named varieties and in addition a 

. larger number of seedlings), apples (1,600 seed¬ 

lings in addition to a large collection of named 
varieties), Large collection of nuts, small 
fruits and five-acre block of imported fruits* 

South Carolina _..Peach (96), grapes (100). 
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Washington, D. C... Bureau of Plant Industry—Apples (300), pear 
(5), quince (3), peach (100), plum (16), cher¬ 
ry (18), also collection of small fruits and nuts. 

{Private (iRowers. 

Tlio following? list of private j?row(‘rs has been assembled who 
are interested in variety eolleetions of the kinds of fruits which 
are listed after theii* names. Obviously such a list is incomplete 
and it may lie possilde to add to it substantially in the future; 
hence this list can sei*ve only as a nucleus of the names which 
mi«:ht be collected. 

Alabama .I>r. T. H. Young, Vernon—Grapes (110), apples 

(31), peaches (26), pecans (14), persimmons 
(11), figs (5), walnuts (3). 

Gulf Coast Horticultural Society—Silverhill: cit¬ 
rus (4), Satsuma oranges, grapefruit, Wash¬ 
ington navel, tangerines, grapes (2), pecans 
(7), Japanese persimmons, number not given. 


Arizona. I B. Johnson, Tucson—Dates, citrus, grapes, 

etc., number not given. 

California .r.I. Sharpe, Vacaville—Plums (200), cherries 


(75), grapes (73), peaches (70), pears (50), 
apples (25), apricots (20), olives (15), mulber¬ 
ries (12), plumcots (12), English walnut (10)^ 
quinces (10), almonds (10), pomegranates (8), 
figs (7), oranges (3), etc. 

C. P, Taft, Orange—Avocado (12), kaki (9), lo- 
quats (5), guavas (5), feijoas (2), eugenia 
(2), etc. 

J. L. Nickel Estate, Menlo Park—Pears (220), 
apples (110), figs (75), peaches (75), plums 
(55), oranges (7), apricots (5), persimmons 
(5), loquats (3), and lesser number of varieties 
of several other fruits and nuts. 

F. 0. Popenoe, Altadena—Avocadoes (50), lo¬ 
quats (5). 

William A. Spinks, Duarte—Large collection of 
avocado varieties. 

Connecticut .Everett E. Brown, Pomfret Center Apples 

(100), peaches (20), pears (12), etc. 

Gulley & Son, Rockville—Apples (78), grapes 
(40), peaches (17), plums (13), pears (12). 

Dr. R. T. Morris, Stamford—Hickories, 9 species; 
walnuts, 7 species; chestnuts, 6 species; hazels, 
5 species; beeches, 2 species; almond, 1 specie; 
pistache, 1 specie; nut-bearing pines, 10 spe¬ 
cies. 


Florida .Mrs. H. S. Graves, Gainesville—Pecans (18), 

peaches (5), persimmons (5), oranges (4), 
grapes (5), plums (4), grapefruit (2), kum- 
quats (2), figs (3), guavas (2), mulberries (2). 

Georgia .L. A. & P. J. Berckmans, Jr., Augrusta, Ga.— 

Peaches (45), apples (27), pecans (17), figs 
(7), quince (4), almonds (4), walnuts (3), nec¬ 
tarines (3), apricots (8), etc. 

Illinois .Benjamin Buckman, Farmingdale—Apples (1,- 

400), pears (40), plums (40), peaches (25), 
cherries (15), etc. 
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Joseph Gerardi, Jerseyville — Apples (160), 
peaches (98), cherries (22), plums (20), pears 
(12), etc. 

Indiana ..Benjamin W. Douglass, Trevlac—Apples (50), 

peaches (20). 

F. J. Heacock, Salem—Apples (35), nuts (4), 
etc. 

Frank Moffitt, Carmel—Apples (100), strawber¬ 
ries (35), peaches (25), plums (15), cherries 
( 6 ). 

Joe A. Burton, Mitchell—Apples (38). 


Iowa .F. O. Harrin^on, Williamsburg—Apples (200), 

plums (70), cherries (3), peaches (25), pears 
( 20 ). 

Nebraska .Ernest W. Pollard, Nehawka—Apples; number 

not given. 

New York .George T. Powell, Ghent—Apples, pears, plums; 

number not given. 

Charles A. Green, Rochester—Apples (125). 

Ohio .W. W. Farnsworth, Waterville—Apples (60), 


pears (30), peaches (25), plums (20), cher¬ 
ries (10). 

H. C. Price, Newark—Apples (100). 

U. T. Cox, Proctorville—Apples (100), peaches 
(25), pears (15), plums (15). 

F. H. Ballou, Newark—Apples, number not given. 


Oklahoma .Elva C. Barrows, Tulsa—Peaches (50), plums 

(20), cherries (10), apples (10). 

Utah .Joseph A. Smith, IVovidence—Apples (20), 

peaches (15), nuts (13), cherries (9). 
Wisconsin .A. K. Bassett, Baraboo—Apples (25). 


Nurseries. 

An altonipt has bon mad(‘ to got in touch with nurseries which 
have large variety collections in ])earing. While wc have not eorre- 
si)ondcd with a lai’gc number of nurseries, oiil\ a small })ercentage 
of them have reported, notable collections which should be listed 
here. This list can dou])tless be added tt) materially in the future. 

California .Loma Rica Nursery, Grass Valley—Pears (85), 

apples (50). 

Fancher Creek Nursery Co., Fresno—Apples 
(82), plums (75), pears (70), cherries (68), 
peaches (55), apricots (36), almonds (25), 
prunes (14), nectarines (11), quinces (7). 

Maryland .Harrison Nurseries, Berlin—Peaches (14), apples 

(80), pears (20), cherries (17), plums (26), 
apricots (4), quinces (3). 

Westminster Nursery Co., Westminster—Peaches 
(38), apples (35), plums (15), cherries (14). 

Missouri .Stark Bros., Stark City—Apples (300), pears 

(200), peaches (300), plums (100), cherries 
(75), quinces (10), miscellaneous (300). 

New York .Ellwanger & Barry, Rochester—Pears, grapes; 

number not given. 

Maloney Brothers & Wells, Dansville—Apples (5),' 
peaches (20), plums (20), pears (18), cher¬ 
ries (16), quinces (4). 
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West Hill Nurseries, Fredonia (Lewis Roesch) — 
Grapes (71). 

Vermont .George D. Aiken Nursery Co., Putney—^Grapes 

(50), raspberries (19), blackberries (16), etc. 


REPORT OF THE COMMITTEE ON RESOLUTIONS. 

Whereas, This Society feels itself indebted to Johns Hopkins 
University for its hospitality in placing rooms at our disposal; 
therefore, be it resolved, that \vc express to the President of Johns 
Hopkins University our appreciation of this kindness; and, 

Whereas, Professor W. T. Maeonn and Captain T. H. 
McHatton contributed so largely to the success and pleasure of 
our social evening; therefore, be it resolved, that we tender them 
our sincere thanks; and. 

Whereas, Our members are to a large extent uninformed 
regarding the work and actions of the United States Federal Hor- 
ticulturai Board and feel that the I'egulations of this Board affect 
the fields of horticultun' and pomology; therefore, be it resolved, 
that our President appoint a committee of three to compile such 
rulings of the Board as the committee thinks should be brought to 
the attention of our members. 

F. N. Fagan, 

W. R. Ballard, 

W. S. Brock, 

Committee. 


ITEMS OF BUSINESS. 

The Fruit Tree Fund. 

The sum of $200.00 was donated to the War Relief Fund of 
The Royal Horticultural Society for the purpose of aiding in the 
planting of fruit trees in the devastated regions of Belgium, Prance 
and Serbia. 

Board op Botanicai. Abstracts. 

Professors C. A. MoCue and E. J. Kraus were elected to rep¬ 
resent the Society on the Board of Botanical Abstracts. 

('Ommittkes Discontini^ed. 

The Committees on Score Card and Horticultural Courses 
were discontinued for the time being. 

Lines of Work Conducted by Our Members. 

Since the lines of work under way have not changed much 
in the last year the list will not be included in the annual report 
for a year or two. 
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OBITUARY. 

Paul Edward (Jonivoaii, head of the Dcpartiueut of Horti¬ 
culture at Khode Island State CoIU'Ko. was killed in action in 
Prance, October 6, 3918. He w'as born in (Concord, N. II., October 
2, 1893, and received his education in the local school.s of his native 
city. He {graduated at New Hampshire College in June, 1915, 
and entered the graduate school at the University of Mis.souri in 
the fall of the same year, and received his degree of M. S. in June, 

1916. In July of 1916 he entered upon his duties as head of the 
department of horticulture at Kingston, R. 1., with the rank of 
instructor, where he continued to serve until In* entei'od the ser¬ 
vice of United States Army (Marine Corps) the latter part of Mav, 

1917. 

In college Mr. Corriveau served as student a.ssi.slant in the 
department of hortieultui'c for two years and .spend his summers 
in the .same capacity. He was captain of the football team in his 
senior year. 

While Mr. Corriveau had scarcely entered upon his profe.s- 
sional career in horticulture, yet those who knew his ejualities of 
inelustry. native capacity and hi,s corelial personality predicted for 
him a brilliant and useful life and we arc thus untimely robbed of 
one of the promising worekrs in our field. That his life was given 
in the service of his country in active j)articipation in the great 
war for freedom is a satisfaction to those who feel his pereonal loss. 

J. H. Gourley. 




LlKrTKNANT V\V\. EinVXHl) CoKRlVEzVU. 
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Burr B. Pratt died of influ-pneumonia at Chicago, Illinois, in 
October, 1918. Ho was born on a farm near Riverside, Michigan, 
May 12th, 1886. He received his early horticultural training on the 
large fi'uit farm of his father near Riverside; afterwards he en¬ 
tered the Michigan Agricultural C'ollege, specializing in horticul¬ 
ture, and was graduated from that institution in June, 1909. 

Immediately after graduation he became associated with the 
fruit handling, transportation and storage investigations of the 
United States Ilcpailment of Agriculture. In the course of these 
investigations ho visited practically all the important fruit-pro¬ 
ducing sections of the country. 

In the summer of 1913 he was called to the University of 
California as Assistant Professor of Pomology, where he acted as 
head of the newly created Division of Pomology of that institution. 

In June, 1914, h(‘ severed his connection with the University 
of California and became manager of the Field Department of the 
(California Fruit Growers’ Exchange, a cooperative, non-profit, 
marketing organization of over 8,000 citrus fruit growers. As head 
of this depai'trneiil he had general supeiwision of the handling of 
the fruit in Exchange orchards and packing-houses, llis depart¬ 
ment acted as tht\ clearing-house through which the latest infor¬ 
mation ill regard to orchai'd and packing-house methods was placed 
in the hands of the growers. His work in connection with the Field 
Dopar’tmcnt of the California Fruit Growers’ Exchange in inx- 
pi’oving the handling methods with citrus fruits has been of inesti¬ 
mable value to the citrus giowors of California. 

In October, 1917, he was again called to the Federal Service in 
the Bureau of Markets, as Supervising Inspector of the North (?en- 
nal Division of the Ofliec of Market Inspection of Perishable 
Fruits, at (’hieago, remaining in the latter position until his death. 
In the short time in which he was in charge of the inspection work 
for the diicago distri<‘t he had developed his work to a high 
d(*gree of (‘fticiency, and was held in great esteem by the shippers 


as well as the fruit trade. , . . , i 

Of the younger school of horticulturists it is questionable 
whether any one in rceimt years has exerted such a wide sphere 
of influence* and b(*en of I’cal help to su(*h a large number of fruit 
growers as Burr Pratt. 

His many friends in all sections of the country will mourn ms 


untimely death. 


L. B. Scott. 
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Edward P. Stoddard. 

Edward P. Stoddai’d was born at (^arbondalo, Pennsylvania, 
May 14, 1888, and it was hero that in early bodhood ho learned his 
first lessons in vef?ctable j^rowin^ and also in growing some of 
the important bush and tree fruits. He attended the town school 
working on his grandfather's farm in northeastern Pennsylvania 
during the summers. 

After graduating fi*om the Parboiidale High School in 1908, 
he worked his way through the Pennsylvania State College, grad¬ 
uating in horticulture in 1913. To meet college expenses he worked 
during one summer vacation on a general farm near Syi'acuse, 
New York, another at the establishment of Barnes Brothel’S, 
nurserymen and orehai’dists, Yalesville, Connecticut. A third 
summer vacation period was spent on W. Atlee Burpee Company's 
Pordhook Trial Grounds near Doylestown. Pennsylvania, where 
he had an excellent opportunity to study varieties and types of 
vegetables. 

After graduating, Professor Stoddard was appointed instruc¬ 
tor in horticulture at the North Caroline State College where he 
had charge of the outdoor work in vegetable gardening on about 
12 acres of ground, pai1 of which was used for student work. In 
addition he had charge of the vegetable forcing work in the green¬ 
houses. In 1915 he was appointed head of the Department of 
Vegetable Gardening at the Maryland State Ciullege and the fol¬ 
lowing year was advanced to the position of Professor of Vegetable 
Gardening, which i)osition he held at the lime of his death on 
October 23, 1918. 

Professor Stoddard took an earnest interest in fui’thering 
exhibitions and the welfare ('f all connected with the business of 
growing and marketing vegetables. For two yeai’s he acted as 
superintendent of the vegetable exhibits ma<le during the Mary¬ 
land Week Show' at Baltimore, Maryland. The Maryland Vege¬ 
table Growei’s’ Association w^as organized largely through his ef¬ 
forts and he aldy filled the position of Secretaiy-Ti’easurcr of that 
organization. At the college he aimed to give the students not only 
the scientific side, but also the kind of practical experience needed 
for the production of commercial vegetalde crops under glass and 
in the field. He w^as untiring in his attention to detail. 

He was a frc(|uent contributor to horticultural periodicals, 
notably the Market Growers^ Journal and the Plorists' Exchange. 
He was a member of the American Society for Horticultural 
Science, the Maryland Vegetable Grow^ers^ Association, and the 
American Genetic Association. 

He was married in 1913 to Elizabeth Archibold Summy, who 
survives him together with two small children. Professor Stoddard 
was a man of sterling Ghristian character and w^as deeply in¬ 
terested both in his work and in the promotion of every good cause. 
His untimely death brings to an abrupt close a career of unusual 
promise and his loss wnll be keenly felt in the horticultural world. 

W. R. Ballard. 




KinvAKD F. Stopdvhd 
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Benjamin Mabston Watson. 

Benjamin Marston Watson was born in Plymouth, Massa¬ 
chusetts, on November 24, 1848 and died there on February 20, 
1918. He belonj^ed to one of the old New England families and 
on his father's side had 18 Pilgrim ancestors. His early educa- 
tk)n was obtained in the Plymouth high school after which he en¬ 
tered Haiward UniveiNsity and graduated in the class of 1870. 

In 1877 he became Instructor in Horticulture at the Bussey 
Institute, a department of Harvard University adjacent to the 
Arnold Arboretum, and remained for nearly 40 years the re¬ 
sponsible head of the University's instruction on this subject. 
His courses included fruit culture and floriculture, and about 
1897 landscape design from the point of view of plant material, 
was addtnl. With the reorganization of the Bussey Institution in 
1909, the teaching in horticulture was dropped and Professor Wat¬ 
son became a member of the teaching staff of the Department of 
Landscape Architecture of Harvard University in Cambridge. 
This position he held until he resigned it in the spring of 1916. 

It is regrettable that with his unique first-hand knowledge of 
ornamental plants ho left so little published matei'ial. He con¬ 
tributed occasionally to hoilicultural journals, reviews, the Old 
Farmer's Almanac, and since 1910 to Landscape Architecture. 
His artieh^ dealt with horticultural groups with special reference 
to their design aspe'cts. 

lie was a incml)er of several horticultural societies and social 
and university clubs. He was blessed with rare s(K*ial qualities 
and these were most happily expressed as the genial host in his 
own home. To l)e invited into his wonderful library in the house 
next to the Arnold Arlmretum where he lived for many years, 
was a pi*ivilege never to be forgotten. Hie always had some new 
or '‘new old’' l)(M)k to show and comment on. 

Few teachers have been more respected than was Watson, be- 
(»ause of his seemingly inexhaustible and wholly dependable 
knowledge of his subject and because of his sterling character. As 
a teacher of hoi’ticultnre in tho University his place can never 
be filled. He W’as one of the last survivors of the old school of 
naturalists—a widely recognized expert yet not a specialist, 
wholly practical, yet loving the la'anty of the forms it fell to him 
to use, and possessed of a native taste cultivated and ripened by 
lifelong observation and study which made him an artist in his 
professional work. 

He will ever live in the memory of those who knew him as a 
rare example of transparent honesty and punctilious faithfulness 
to duty, lie was one of (he most modest of men and it has been 
truly said of him by one who knew him through his whole life, 
"1 doubt if any one could do 11101*0 and say less. "—Extract from 
Landscape ArcMtectnre. October, 1918. 
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In the sudden passing: of Mr. R. R. Whyte on April 15, 1918, 
Ottawa lost one of her most useful and respected eiti:?ens. He 
stood for all that was hij?hest in the life of the city and the nation. 
He scorned , all that was mean, dishonest, and low. His aspira* 
tions were of the ii::l)lest and the best in everything. What he 
accomplished is re(*orded in many ways and not least in the hearts 
of those who knew him best. The intimmce of the j?ood which he 
did during: his life will last for many a day. Old men and little 
children praise him. 1I(‘ was the ji^reatest amateur horticulturist 
of his time in Canada. 

While his j^arden contained probably the finest collection of 
herbaceous perennial plants of any ])rivate j?arden in Canada, if 
not in America, it was a typical home fruit and vej?etal)le garden, 
and it was here that the Herbert raspberry oi'j^inated in 1887. 
Althou^'h a lover of. all kinds of fruits, his specialty among them 
was the TSnglish goosebei’ry which succeeded admirably under his 
attentive care. He has tested probably over one hundred of the 
best varieties, and left many promising set^llings which he 
originated. Of the herbaceous ])eronnials he was es]>ecially in¬ 
terested in the f)eony, riis, lily, day lily, phlox and gladiolus. 
Among the bul))s his specialties were narcissus and Darw^in tulips. 
He was interested in wild flowers also and made his largest her¬ 
barium collection in 1875, but has added to it each year since until 
it now contains most of the sp(‘cies found in the Ottawa District. 

Mr. Whyte was an active rnejuber of many societies and had 
been or was at the time of his death, ,an officer in most of them. 
He belonged to the Royal linrticultural Society, the American 
Poniological Society, the American Peony Society, tno Ontario 
Horticultural Association, the Ontario Fruit Orowers Association, 
the Ottawa Field Naturalists’ Olub, the Ottawa Plorticultural 
Society and the Ottawa Flower Guild. JI(‘ organized and financed 
the Potato Growing Gontests for boys in Garleton and Russell 
counties, and the Girls Home Guard Movement. The good results 
of horticulturarefforts and their influence will be felt for years 
to come. Ho was a strnig advocate of exhibitions, believing there 
was no better way to educate the public to the relative value of 
different plants, and ho was always one of the largest exhibitors 
himself. He continuously offered si>eeial prizes for best exhibits 
and many a gardener in Ottawa has a lasting memento of Mr. 
Whyte in the cups he gave. 

In recent years he travelled extensively during the winter 
months and added to his .store of horticultural knowledge. He 
visited Bermuda, the Mediterranean Regions including the Holy 
Land, Jamaica and Florida, In the summer of 1912 he spent a 
most enjoyable time in Great Britain. He was a member of the 
Photographic Art dub of Ottawa and on his trips took many 
photographs from which lantern slides were made to illustrate 
his travel talks to the citizens of Ottawa. In his death Canada 
has lost a noble man. W. T. Macoun. 




R. ]J. Whyte. 
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Bykon David HALs^nsD, 

With the passing of Dr. Byron D. Halsted, the New Jersey 
Agricultural Elxperinieni Station lost a faithful servant who had 
won honor, respect and affection from all of his associates. His 
unremitting search for truth added richly to our knowledge of 
plant diseases and of plant breeding. A pioneer in the field of 
mycology, he laid the foundation foi* much of the present-day in¬ 
formation on plant diseases, and on this foundation his colleagues 
helj>ed him to build effective methods of conti'ol. When failing 
health compelled him later to give up work with the microscope 
he devoted himself assiduously to the study of heredity and. en¬ 
vironment as factors in plant ]>roduction, and, in spite of bodily 
suffering, retained his interest in his chosen work until the very 
last. Had he lived until February 1, 1919, he would have com¬ 
pleted thirty years of .service with the New Jersey Station. 

Born in Venice, Cayuga County, New York, on June 7, 1852, 
T)i*. Halsted lost his parents in early childhood and was brought 
up by r(‘latives. He giadimted from the Michigan Agricultural 
(College in 1871, but r<‘inained there for two years longer in order 
to conipletc his graduate work for the master’s degree. He then 
taught school for two yeai*s. entered Harvard in 1875, and was 
not only the first of Dr, Farlow’s students at Harvard, but also the 
first to take a doctor's degree in cryptogainic botany. This de¬ 
gree was granted to him in 1878. 

Two years aft(‘r leaving llai’vard he became managing editor 
of the American Agriculturist and remained in journalistic work 
until 1885. In that year the late Prof. Charles E. Bessey, on being 
elected Professor of Botany at the Cniversity of Nebraska, nom¬ 
inated Dr. Halsted as his successor at the Iowa Agricultural (Col¬ 
lege. After a teaching experience of four years at Ames, he was 
called in 1889 to Rutgers College to become the Botanist of the 
Experiment Station and Professor of Botany in the College. 

l)r, Halst(‘d was associate editor of the Bulletin of the Torrey 
Botanical (’lub from 1890 until 1893, and of Systematic Flora of 
North America since 1895. He won the silver medal of the Massa¬ 
chusetts Horticullural Society in 1877. The scientific societies in 
which he hold ineinhership included the American Association for 
the Advancement of Science, the Society for the Promotion of 
Agricultural Science (president 1897-1899) ; The Botanical Society 
of America (president 1900-1901) ; and the Society of Plant Mor¬ 
phology and Physiology, ilo was the author of ‘'The Vegetable 
Garden,” 1888;* “Farm (^mvenlenees,” 1888; “A Century of 
Agricultural Weeds,” 1891; and of numerous technical papers in 
bulletins, reports and journals. 

Dr. Halsted was a very cnthusia.^tie botanical collector and a 
great many new species were brouight to light as a result of Ms 
enthusiastic work. Ho described a number of new species and sent 
many more to Ellis, Everhart and other mycologists. He was 
among the fii'st to report the introduction of several foreign dis¬ 
eases into America.—From VootIicc^h FuTfriair, October, 1918. 

Jacob G. Difmak. 

NOTE._The Secretary was unable to secure photo of t>r. Halstead. 
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CONSTITUTION 


ARTICLE 1 

The name of this Association shall be the American Society for Horticultural 
Science. 


ARTICLE 2 

The object of the Society shall be to promote the Science of Horticulture. 

ARTICLE 3. 

Any person who is a graduate of an agricultural college and holds an official 
position in an agricultural college, experiment station, or fcdcTal Department 
of Agricu.ture in the United States or Canada, may become a member ufion pay¬ 
ment of the annual dues of $1.50. 


ARTICLE 4 

Meetings shall be held annually at such time and place as may be designatcri 
by the Executive* Committee, unless otherwise ordcTcd by the vSociety. 

ARTICLE 5 

The officers shall consist of a President, three* Vice-Presidents, and a Secretary- 
Treasurer, who, together with the chairmen of the standing coinmittei‘s, shall 
constitute a Council to act ipion all applications for intTnbership. There shall 
also be an Assistant Secretary. These officers shall be elected annually by ballot. 

ARTICLE 6 

This Constitution may be amended by tw’O-thirds vote of the vSociety at any 
regular meeting, notice of such amendment having been read at the last r(‘gular 
meeting 


BY-LAWS 

vSkction 1. The President and other officers shall perform the usual duties of 
their respective offices. The President shall also deliver an address at each 
regular meeting. 

Skc. 2. There shall lie a Committee on Nominations consisting of five (5) 
members, who shall be nominat<‘d and elected by ballot at each regular rnet'ting 
of the Society. It shall be the duty of this committee, at the following meeting, 
to suggest to the Society names for officers, referees, and members of committees 
for the ensuing year.f 

Sec. 3. There shall be an Executive Committee, consisting of three (3) 
members and the President and the Secretary, ex-officio. This ('ommittee shall 
perform the usual duties devolving upon such committee. 

vSec. 4. The Committee on Nominations shall nominate referees and alternates 
upon special subjects of investigation or instruction, which may be referred to its 
consideration by the vSociety. The duties of these referees .shall be to make 
concise reports upon recent investigations or methods of teaching in the subjects 
assigned them, and to report the present status of the same. 

Sec. 5. There shall be a Committee on Program, eonsisting of seven (7) 
members, of which the Secretary .shall be one. This committee shall have charge 
of the scientific activities of the Society, excejit as otherwise ordered by the Society. 

Sec. 0. The annual dues of the Society shall be one dollar and fifty cents. 

Sec. 7. Ten members of the Society shall constitute a quorum. 

*The Constitution and By-Laws as amended from time to time. 
tSince 1913 two lists of candidates have been required. 
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TREASURER’S REPORT FOR 1919 

Voucher 

No. Ck. 

1918 

(1) Dec. Expenses of vSecrctary in attending the 1918 meeting at 

Baltimore. .$ 13.34 

(2) George E. Melvin, Annapolis, Md. 

3(X) programs. $8.50 

500 envelopes . ..... 3.50 

Postage. 17 

-12.17 

1919 

Jan. 11 Stamps 2.00 

Jan. 30 Stamj^s. 2.00 

(3) Feb. 14 Maurice Joyce Engraving Co., Washington, D. C. 

5 copper half-tones at ^1.00 , . $15.00 

one line engraving , . ... 2.50 

Trimming plate and re-blocking .30 

-17.80 

Fel). 24 Stamps 2.00 

(4) Feb. 25 Thomas & Evans Printing Co., Baltimore, Md. 

2(KX) letter heads . 10.50 

18(X) envc‘lopes ... lO.tX) 

Postage . .... 38 

-20.88 

Mar. 7 Stamps 1.00 

Mar. 10 Stamps. 4.00 

(5) Mar. 11 Royal Horticultural Society for the War Relief Fund for 

plantinj: fruit trees in Belgium, France and Servia 200.00 
Mar. 21 Stamps . , ... .1.00 

Mar. 29 Stamps . . . . . 3.00 

Apr. 17 Stamps .... 1.00 

(0) Apr. 30 Cash book . 1.15 

(7) May 3 Thomas & Evans Printing Co., Baltimore, Md. 

!150 copies of 1918 Report, 120 pages at $1.78 

per page. . . 225.54 

Excess composition 8 pt. above 10 pt. . . . 9.48 

25 additional proofs of membership list . 1.65 

Postage on 194 reports from Baltimore to mem- 


C'artage from Baltimore to Colk'gc Park . . 1.00 252.48 

May 3 Stam])s ... 1*00 

May 21 Stamps 1.00 

July 1 Stamps ... . . 1.00 

(8) Oct. 7 Two phone messages to Georg.e T. Melvun, Annapolis, Md. .70 

Oct. 8 Stamps . . 1*00 

Oct. 10 Stami)s ... . . . 5.00 

Nov. 29 Stamps 1-60 

Dec. 3 Stamps . .... . 2.00 

(9) Dec. 17 T-B-printing 350 programs of 1919 meeting .. 17.(X) 

(10) Dec. 18 I. R. Risdon, 5(K1 letter heads $2.50, 500 envelopes $2.50 5.00 

(11) Dec. 26 Torsch & Franz Badge Co., 150 buttons for 1919 meeting 7.a5 

To balance . 301.78 

$877.35 

1919 Ok. 

Jan. 4 By balance on hand. $412,85 

Jan, 4 J. A. Neilson, Geulph, Canada. Report 1917. 1.50 

Jan. 4 Hill&Coy, Fort William, Ontario, report 1917 . 1.50 

Jan. 10 American Manganese Co., Chicago, Illinois, report 1917. 1.50 

Jan. 11 Utah Agricultural College, Logan, Utah, report 1917. .. 1.50 

Jan. 18 The Baker & Taylor Co., New York, N. Y., report 1917. 1.50 

Jan. 20 F. E. Buck, Ottawa, Canada, report 1917. 1.50 
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Feb. 10 University of Arkansas, Fayetteville, Ark., reports 1903 to 

1917 inclusive. . 14.00 

Feb. 25 Cornell University, Ithaca, N. Y., reports 1916 and 1917 . 3.00 

Mar. 13 O. F. Whitney, Topeka, Kansas, reports 1917 and 1918 . , . 3.00 

Apr. 14 Arnold Arboretum, Jamaica Plain, Mass., reports 1903 to 1918 

inclusive. . 15.50 

Apr. 14 American Forestry Co., Boston, Mass., report 1918. 1.50 

Apr. 14 Kentucky Agricultural Experiment Station, Lexington, Ky., 


i. xiTirj . . . . .. - . . 

Apr. 17 Cornell University, Ithaca, N. Y., report 1918. 1.50 

Apr. 18 C. H. Myers, Ithaca, N. Y., report 1917 .. 1.50 

Apr. 19 Ohio State Universitv, Columbus, Ohio, report 1918. . 1.50 

Apr. 22 G. E. Stechert & Co.', New York City, report 1918 1.50 

Apr. 28 Agricultural Experiment Station, Experiment, Ga. Report 1918 1.50 

Apr. 30 University of Minnesota, St. Paul, Minn., report 1918 . . . 1.50 

Apr. 30 Iowa State College, Ames, Iowa, report 1918. . ... 1.50 

Apr. 30 Utah Agricultural College, Logan, Utah, report 1918. .. . 1.50 

Apr. 30 Massachusetts Horticultural Society, Boston, Mass., reports 

1905 to 1918 inclusive except for 1911 ... 13.50 

May 3 State College of Agriculture, Athens, Ga., report 1918 1.50 

May 12 Agricultural Experiment Station, Black.sburg, Va., report 1918 1.50 

May 12 University of British Columbia, Vancouver, B. C., report 1918 1.50 

May 12 Purdue University, Lafayette, Indiana, report 1918 1.50 

May 12 State Department of Agriculture, Harrisburg, Pa., report 1918 1.50 

May 14 Cecil H. Hooper, W^a*, Kent, England,report 1917. . l.5() 

May 14 University of Missouri, Columbia, Mo., report 1918. . 1.50 

May 22 University of California, Berkeley, Cal., 3 reports for 1918 4.50 

May 24 University of Wisconsin, Madison, Wis., report 1918. . . 1.50 

May 24 MassachuscttsAgriculturalCollege,Amherst, Mass., report 1918 1.50 

June 20 State Agricultural College, Fort Collins, Colorado, report 1918 1.50 

June 20 Brooklyn Botanic Garden, Brooklyn, N. Y., report 1918 1.50 

June 20 G E. Stechert & Co., New York City, reiiorts for 1917 and 1918 3.(X) 

June 20 Oregon Agricultural College, Corvallis, Ore., reports for 1917 

and 1918 . 3.(X) 

June 20 Southt'rn Oregon Experiment Station, Talent, Ore., report 1918 1.50 

June 20 New Mexico College of Agriculture, State College, New Mexico, 

two reports for 1918 . . . 3.(X) 

June 20 R. Veterinary and Agricultural College, Copenhagen, Denmark, 

report 1918 l.rX) 

June 30 The Northern Ontario Plant Breeding vStation, Fort Wi.liam, 

Ontario, reports 1905 to 1910 inclusive, except for 1911. . . 10.50 

June 30 University of Vermont, Burlington, Vt., report 1918. . . 1.50 

Ju.y 29 University of Maine, Orono, Maine, report 1918 . . . 1.50 

Aug. 4 Department of Agnculture, Harrisburg, Pa., reports 1905 to 

1918 inclusive, except for 1911 ... 13.50 

Aug. 5 C. G. Vinson, Ithaca, N. V,, report 1918. 1.50 

Aug. 29 University of Neliraska, report 1918 ... . . 1.50 

Oct. 27 Princeton University, Princeton, N. J., reports 1905 to 1918 

inclu.sive exce])t for 1911. . . .... 13.50 

Nov. 15 State College of Washington, Pullman, Wash., report 1918 . 1.50 

Nov. 24 Ohio State University, Columbus, Ohio, report 1919 ... 1.50 

Dec. 13 E. B. Babcock, Berkeley, Ca.if., report 1916. 1.50 

I )ec. 28 Dues paid since last meeting. 310.50 


$877.;i5 

Balance on hand. . .$301.78 

Respectfull)' submitted, 

C. P. Close, Treasurer. 


W. H. Chandler, 

T. H. McHatton, 

W. R. Leslie, 

Auditing Committee. 









ANNUAL MEETING AT ST. LOUIS, MO. 

DECEMBER 29, 30 AND 31, 1919 

The meeting was called to order by President Crow who presided 
at all of the sessions. About 65 members were in attendance during 
the meeting, though not at any one session, and visitors from other 
societies were present most of the time. The joint session with the 
Botanical Society of America and the American Phytopathological 
Society at the Missouri Botanical Garden, was one of the main 
features of the meeting and was attended by about 250 people. 
President Crow was requested to preside at this session. 

The program was longer than ever before, the papers were of a 
high order, the discussions were snappy, and the general opinion 
prevailed that this was the best meeting we have ever had. In order 
that we may not need to break up into sections as the Society increases 
in numbers and usefulness, the wish was expressed that speakers 
should not take time to read long papers, but rather present and dis¬ 
cuss their main points and submit the entire paper for publication 
in the annual report. 


Progress in Apple Breeding for the Canadian Prairies 

By W. T. Macoun and M. B. Davis, 

Central Experimental Farm, Ottawa, Canada 

^HE Canadian prairies, or the greater part of them, are situated 
* between latitude 49® and latitude 53® (except the isolated 
prairies of the Peace River district, which are further north), and be¬ 
tween longitude 97 on the east to longitude 114 on the west. While 
a large proportion of this area is practically treeless, there are portions 
of it which are more or less covered with trees, the principal of which 
are the aspen, balsam, poplar, box elder, American elm, green ash, 
canoe birch, mossy cup o^, tamarac, white and black spruce, and 
jack pine, but the commonest tree is the aspen, Populus tremuloides. 
The lowest elevation on the prairies is at the south-east comer, where 
it is about 700 feet, while the highest elevation is 4,200 feet. 

The spring is early on the prairies, and warm days in April cause 
the buds to swell, and growth begins just about the same season as 
It does in Ontario. The summers are relatively warm, though the 
nights are cool, particularly at the higher altitudes, and ripening is 
not so rapid as it is in Ontario where the nights are much warmer. 
Winter usually sets in during the latter part of October or early in 
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November, or about a month sooner than it does in Eastern Ontario. 
The winter temperatures are often very low, sometimes being from 
40® F. to 50® F. and lower below zero. The most trying times on 
trees appear to be, first, in the spring after buds swell or leaves have 
begun to unfold when severe late spring frosts, which are of fairly 
frequent occurrence, will kill all growth; second, in late autumn or 
early winter when trees will be badly frozen while the foliage is still 
on the trees; and, third, the long continued spells of severe cold, 
which the old timers think reduce the moisture in the trees so much 
that they die. However, all of these factors require closer investi¬ 
gation. Whatever the main cause is, the fact remains that it has 
been found difficult and practically impossible over most of this great 
area to bring trees of the varieties of apples at present in commerce to 
a bearing age. For the past thirty years a very large number of 
varieties have been tested at the Experimental Stations and by 
private individuals in Manitoba, Saskat chewan, and Alberta, but 
it may be said that few trees have borne, and, when they have, they 
have not lived long afterwards An exception to this general rule 
is found in Southern Manitoba, where the altitude is lowest and where 
there are a few orchards of bearing trees, one of which produces in 
one year from 200 to 300 barrels of apples, mainly of such varieties 
as Oldenburg, Charlamoff, Blushed Calville, Ostrakoff, and Hibernal. 

What has been said about the tenderness of apples applies also 
to the hybrid crab apples usually offered for sale, they also proving 
too tender except in Southern Manitoba. Among these may be 
mentioned Transcendent, Hyslop, Florence, Virginia, and Martha. 

It will thus be seen that there is a great field for work for the 
apple breeder to originate varieties 'which will succeed on the higher 
elevations of the Canadian prairies. 

Fortunately, there is hardy foundation stock on which to work. 
The Siberian Crab Apple (Pyrus baccata) is a native of Siberia, 
Manchuria, Korea, and other north Asiatic countries. It grows very 
far north in Asia. Where it is wild it withstands as severe or more 
severe climatic conditions than it gets on the Canadian prairies. The 
fruit of this crab apple varies from the size of a pea to about three- 
quarters if an inch in diameter. It is usually very astringent. It 
fruits well on the Canadian prairies in most places where it has been 
tried. 

In 1887, or about thirty-tw^o years ago, seed of P)rrus baccata was 
obtained from the Imperial Botanic Gardens, Petrograd, Russia, 
and sown at Ottawa. In 1890, young trees were sent to the Experi¬ 
mental Farm at Brandon, Manitoba, and Indian Head, Saskatchewan. 
These proved entirely hardy, and in 1894, when some trees from this 
lot were blooming and fruiting well, it was thought by the late Dr. 
William Saunders, then Director of the Dominion Experimental 
Farms, that by crossing Pyrus baccata with the hardiest varieties 
of apples, new varieties would be obtained which would be hardy 
enough to writhstand the severe climatic conditions of the Canadian 
prairies and be large enough and good enough in quality to compare 
favorably with the better sorts already in commerce. In this 
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work Pyrus prunifolia was also used as a parent. Crossing was 
begun in 1894. As this work has already been described several 
times, it may be but briefly referred to here. Some 800 trees of the 
Fi generation were grown. The wild crab has been the mother 
unfortunately in every instance, there being 21 varieties of apples 
used as male parents. 

The fruit of the Pyrus baccata tree used by Dr. Saunders as a 
female parent was from one-half to three-quarters of an inch in 
diameter. The largest of the Fi offspring were from one and one- 
quarter to one and three-quarters inches in diameter. From one 
standpoint the results were disappointing as the size was so small, 
but it marked a step in advance. The better varieties have little or 
no astringency and compare favorably in quality with the best 
named crab apples on the market. Nearly all of them retained the 
marked crab characteristics of long, slender stems; thin tender skin; 
and crisp, breaking flesh. The best of these Fi crosses were named, 
propagated and sent to about 200 places in the Canadian Northwest, 
representing altitudes ranging from 740 to 4,200 feet, the first distri- 
bution being made in 1902. At the lower elevations, as in Southern 
Manitoba, most of these proved quite hardy, and if the fruit had been 
larger would have been quite satisfactory, but at the higher elevations 
and in exposed situations only two out of the seventeen best have, 
after a thorough test since then, proved sufficiently hardy for the most 
exposed and trying places. These are Columbia and Osman, and a 
description of these follows as they may yet play an important part 
in the development of hardy apples for the Canadian prairies. 

Columbia is a cross between Pyrus baccata and Broad Green, the 
latter being a summer Russian variety which has since died at Ottawa, 
and did not show any great hardiness. The original description of 
this variety, Columbia, as made by Dr. Saunders, is as follows: 
“Tree a very strong grower and a fair bearer. Fruit, size 1.8 inches 
across and l.fl inches deep, nearly conical, distinctly ribbed, and 
clayx protruding and persistent; stem of medium length: color, 
red with stripes and dots of a deeper shade; flesh, yellowish, lightly 
streaked with red. juicy, subacid, with a pleasant flavor, slightly 
astringent; quality, fair to good; season, late September and Octo¬ 
ber. “ 

“Osman (Pyrus baccata with Osimoe). Tree a fair grower and 
a good bearer. Fruit,, above medium size, a little smaller than 
Transcendent; color, pale yellow well washed with crimson; flesh, 
tender, breaking; flavor, acid but pleasant, only slightly astringent; 
season, latter half of August.” The name Osimoe is a synonym of 
the Beautiful Arcade, also known as Good Peasant, Herren, and 
Repka Kislaga, and has proven to be one of the hardiest Russian 
apples tested in Canada. It is a sweet apple ripening in August. 

In 1904, Dr. Saunders re-crossed what he considered were the 
best of the Fi crosses with the apple, using eighteen varieties of apples, 
in the hope of originating varieties that would retain enough of the 
character of hardiness to withstand the severe climatic conditions 
of the Canadian prairies and would be larger in size than the Fi. gener- 
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ation. At that time he thought that practically all of them would 
continue hardy, but subsequently many of them were badly winter- 
killed under the severest tests on the prairies. There were 407 trees 
obtained of these second crosses, the first of which began to fruit in 
1910. A large proportion of these were planted at Ottawa, and 
descriptions were made of 223 of the trees which fruited. The fruit 
of 171 of these or 70.68 per cent was under two inches in diameter or 
little or no larger than the fruit from the Fi crosses. The fruit of 
48 or 21.52 per cent was between 2 and 2.25 inches in diameter, and 
three were between 2.25 and 2.5 inches in diameter or 1.35 per cent. 
There was one above 2.5 inches in diameter, namely 2.62 inches or 
45 per cent. It will thus be seen that a second infusion of apple 
blood increased the size of the fruit considerably, though gave no 
fruit above the smallest marketable size for an apple. Most of 
these second crosses have the long, slender stems, the thin, tender 
skin, and the crisp, breaking flesh, which are characteristic of the 
crab apple. Judging by the very few varieties from the Fi generation 
which have proved hardy under the most trying conditions on the 
prairies, it is very doubtful if any of these second crosses will prove 
hardy at the high altitudes, but already several of these have fruited at 
the Experimental Station at Morden, Manitoba, and it is hoped that 
some of them will be considerably hardier than the Russian apples 
and will extend the area over which apples can be grown. 

Following are more detailed results from certain of these second 
generation crosses where there were sufficient trees of a cross to give 
a fair indication of what might be expected if the numbers were still 
larger. 


The Pioneer Crosses 

Pioneer a seedling from the cross P. baccata X Tetofsky, when 
crossed with McIntosh, N. Spy, Cranberry Pippin and Ontario gave 
some rather interesting results. This variety (Pioneer) was 1.5 
inches in largest diameter, yellow in color with a pink cheek, of 
medium quality and nearly round in shape. 

Considering the increase in size due to the seeded infusion of the 
blood of orchard varieties, let us compare the results from these 
different crosses where different varieties were used as male parents. 

Model 


No. 

of trees Cross 

Mean 

inches 

Mode 

inches 

Coefficient 
per cent 

inches 

Extremes 

inches 

17 

Pioneer X Ontario 

1.81 

1.75 

29.4 

1.375 

2.375 

40 

Pioneer X Northern Spy 

1.71 

1.75 

:i0.0 

1.375 

2.250 

7 

Pioneer X McIntosh . . . 

1.92 

2.(X) 

71.44 

1.625 

2.000 

14 

Pioneer X Cranberry Pippin 

1.74 

1.75 

28.55 

1.500 

2.000 


The largest percentage of comparatively large sized apples came 
from the cross Pioneer X McIntosh, when 71.44 per cent of the 
seedlings gave fruit 2 inches in diameter, while the mean for all the 
seedlings was 1.92 inches. None of the fruit from this cross was 
as small as some of the fruit from the other three, while both Ontario 
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and Northern Spy crosses gave a few fruits considerably larger than 
any from the McIntosh cross. 

Quality: In the transmission of the factor for quality these dif¬ 
ferent male parents appear as follows: 





Above 


Below 


No. 

Cross 

Good 

Medium Medium Medium 

Poor 

of trees 

per cent 

per cent per cent 

per cent per cent 

17 

Pioneer X Ontario. 

11.76 

11.76 

64.70 

_ 

11.76 

40 

Pioneer X Northern Spy ... 

5.00 

17.5 

45.00 

10.00 

22.5 

7 

Pioneer X McIntosh .... 

. 14.28 

28.56 

57.14 



14 

Pioneer X Cranberry Pippin 

7.14 

7.14 

57.14 

7.14 

21.43 


Here again we have the McIntosh outstanding in its influence on 
the progeny. Over 14 per cent of its seedlings were good in quality 
and none below medium. Why Northern Spy should not have 
exerted as great an influence as Ontario is difficult to understand 
unless it can be dismissed with the theory that Ontario carries the 
factor for quality inherited from its parent Northern Spy and its 
parents, to a greater degree than is evidenced from the fruit itself. 
At this point it might be well to note that one of the best of the second 
crosses in so far as size and quality are concerned is Wapella, a seedling 
from Dean X Ontario. Dean itself is a result of a cross between 
P. baccata X Wealthy, From this cross Dean X Ontario, 33 per 
cent of the seedlings were above medium and good in quality, while 
when McIntosh was used as a pollinizer 42.9 per cent were above 
medium to good. Dean itself was one of the poorest of the first 
crosses. 

It is here seen that.the male parent exerted a tremendous influence 
on the quality of progeny and further that if the male is descended 
from a line of ancestors possessing high quality it may, although 
not possessing this factor to a vefy highly developed degree, somatic¬ 
ally transmit the factor for quality very efficiently. 

It. should further be stated that the largest number of high class 
second crosses has come from Prince X McIntosh, thus again showing 
the value of McIntosh as a parent. Prince is the result of a cross 
between P. baccata and Tetofsky. 

The results from this lead us to assume for the present that if a 
high class of progeny is desired a parent or parents possessing these 
characters to a very "highly developed degree should be used. 

Our work has not lead us to believe in the theory of variable 
prepotency of varieties in transmitting their characters, but has 
rather convinced us of the necessity of choosing as one of the parents 
a variety possessing the desired character developed to the highest 
possible degree of perfection. 

Transmission of Predominant Color 

In considering the inheritance of color, the colors have been classi¬ 
fied under three headings U) where yellow predominates, (2) where 
reds or shades of crimson predominate, (3) where there is an equal 
distribution of red and yellow shades. 
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Tabularly arranged, the same four crosses just discussed appear 
as follows: 

With Yellow With Red With equal 

Cross Predominant Predominant Distribution 

per cent per cent per cent 

Pioneer X Cranberry Pippin .. iiO.OO 42.80 7.20 

Pioneer X McIntosh. 25.00 75.00 - 

Pioneer X N. Spy. 36.8:5 52.78 10.08 

Pioneer X Ontario. 2:5.52 52.35 23.52 

As was before stated Pioneer itself was mostly yellow with a pink 
cheek. When crossed with Cranberry Pippin, not a highly colored 
variety, the majority of the seedlings had yellow in predominance 
while on the other hand when crossed with such a highly colored sort 
as McIntosh, 75 per cent of the resultant seedlings had red as a 
predominant color. The same held true to a lesser degree for 
Northern Spy and Ontario both moderately highly colored varieties. 

This paper would not be complete without further reference to 
the use of McIntosh as a parent, and a more detailed account of the 
Prince X McIntosh seedlings is here appended. Eight of these have 
been described. 

The mean size of all the seedlings of this cross which have fruited 
to date is 1.94 inches, or almost 2 inches in diameter. This record 
is only approached by the mean of the Pioneer x McIntosh seedlings. 
The mode however, is only 1.5 inches and the model coefficient 25 
per cent, but the extremes range from 1.25 inches to 2,625 inches, 
the latter being the largest of the second crosses. 

Thirty-seven per cent of the seedlings from this cross have been 
so good as to warrant a name and another 37 per c'ent are good 
enough for further trial, while only about 25 per cent have been 
discarded, so that at every turn the value of McIntosh Red, that king 
of apples, as a parent, is evident. 

In addition to hand pollination for the purpose of obtaining hardy 
varieties of apples for the prairie provinces of Canada, many seedlings 
resulting from open pollination are being tested. In an orchard at 
the Central Experimental Farm, Ottawa, there is a large number of 
Russian varieties. From the fruit of some of the hardiest and best 
of these, seed was taken and sown in the autumn of 1910, and the 
yearling trees resulting from this seed were sent in 1912 to seven 
experimental stations on the Canadian prairies. In addition to this, 
seed was obtained from fruit of the same varieties which had matured 
in Southern Manitoba. Altogether some 75,000 vseedlings have 
been sent to these stations. These were planted in nursery rows 
three feet or more apart with th<i plants a foot or less apart in the 
rows. In Southern Manitoba a large proportion of these have proved 
hardy so far, but at the higher altitudes practically without exception 
the trees have killed back, and from exi>erience to date it would not 
seem that there is much likelihood of obtaining hardy varieties in 
this way. Evidently there must be more blood of the Pyrus baccata 
put into even the hardiest Russian apples to obtain varieties that will 
withstand the severest tests on the Canadian prairies, and it is in 
this direction we shall continue to work using Pyrus baccata as the 
nlale parent rather than the female as it is believed a large percentage 
of the Fi crosses will be apples of marketable size, and at least a few 
may prove hardy. 
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Breeding Methods with Horticultural Plants 

By J. W. Crow, Ontario Agricultural College, Guelph, Canada 

JJORTICULTURAL plants embrace so wide a list of species and 
varieties that some effort at classification seems almost neces¬ 
sary as a preliminary to any intelligent discussion of the principles 
and methods which are of interest to the plant breeder. The follow¬ 
ing classification is incomplete, but may perhaps serve to group our 
materials and assist in the planning of improvement work in the 
several classes. It will also serve to point out some important gaps 
in our knowledge, because it is of first importance in breeding opera¬ 
tions to know whether a given plant produces seed by cross-pollination 
or self-pollination, and whether the reverse process is possible. It is 
also important to know the duration of life of the plants in question 
and how they are propagated. 

Plant Breeders' Classification of Plants 

1. Propagated by Seed only. 

A. Annuals. 

Cross—Capable of self—com 

Cross—Incapable of self—spinach 

Self—Capable of cross—pea, aster, lettuce 

Self—Incapable of cross—(?) 

B. Biennials. 

Cross—Capable of self—beet, onion 

Cross—Incapable of self—some varieties of cabbage 

Self—Capable of cross—parsnip, celery 

Self—Incapable of cross—(?) 

2. Seed or Spore Producing Perennials. 

A. Propagated in nature principally by seeds or spores 
Cross—Capable of self—^rbubarb; various fruit species and 

varieties 

Cross-”- Incapable of self—asparagus, self-sterile fruits, 
dioecious grapes 

Self—Capable of cross—perennial pea 
Self—Incapable of cross—fems(?) 

Parthenogenetic—Requiring pollenation—lilium species 

—Not requiring pollenation—^hieracium(?) 

B. Propagated in nature principally by division. 

Cross—Capable of self—strawberry 

Cross—Incapable of self—pistillate strawberries 
Self—Capable of cross—potato 
Self—Incapable of cross—fems(?) 

3. Non-seed producing perennials—^various potato varieties, L, 

tigrinum and other liliums, horse-radish. 
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Principles of Evolution 

Biologists are now able to define the principles of organic evolution 
and plant breeders are under the necessity of recognizing these as 
fundamental to plant improvement work. 

The main principles of biological evolution are: 

(1) Isolazion of strains of heredity. 

(2) Recombination of characters by crossing. 

The first is based on the power of heredity and is expressed in the 
old adage “Like begets like**. Most biologists agree that the isolation 
of mutations is at the basis of organic evolution. The role of hybridi¬ 
zation in bringing about new combinations of characters is now well 
understood. 


Principles of Plant Breeding 

These appear to the writer somewhat as follows and as already 
stated are based on the principles above formulated.: 

1. Isolation of mutations, 

(a) As practiced with self-fertilized plants. 

(b) As practiced with cross-fertilized plants. 

2. Recombinations of characters by crossing. 

(a) As used with plants which are required to breed true 
from seed. Dominance usually occurs here and recom¬ 
bination is looked for in the second generation. 

(b) As used with plants which are propagated asexually and 
which are not required to breed true from seed. Domi¬ 
nance is seldom obvious and recombination is looked 
for in F]. 

The basis of improvement in the isolation of mutations is the 
breeding power of the individual and the method is in general simply 
that of saving seed from each parent plant separately and testing out 
the resulting progenies as individual progeny lots under uniform 
conditions. In self-fertilized ])lants the method is very easy of 
application and quick results. It is the principal method which has 
been made use of up to the present time in cereal improvement and 
in our own experience has given excellent results with lettuce and 
celery. The former is strictly self-fertilized and the latter appears 
to cross-pollenize only very slightly, if at all. as is proven by the 
striking uniformity of progenies grown from individual parent plants, 
even when no steps are taken to prevent cross-pollination. Parsnips 
also show most decided individuality in progeny lots and in most 
cases a surprisingly high degree of uniformity. 

In cross-pollenized seed plants the individual plant progeny test 
is slower of results, but is nevertheless of great value. Crops such as 
beets, onions, cabbage and corn show striking differences in breeding 
power in spite of the large amount of cross-pollination which normally 
takes place. 

Our results with onions would suggest that in this group quicker 
results may be had by selling, where possible, and individual plants 
self-fertilized have given us in most cases a much higher percentage 
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of desirable progeny than we have obtained with material which was 
allowed to crcss-poUenize natui'ally. We have, therefore, adopted 
this method with all plants of this class. In onion improvement we 
grow our choicest stock under glass and self-pollenize carefully by 
hand, using manila ^cks as covers to prevent crossing. We have 
not been successful in self-fertilizing beets or carrots under paper 
sacks and are now adopting the plan of isolating single roots out-of- 
doors. 

The loss of vigor which is known to accompany self-fertilization 
is often urged against this method of breeding, but it is probable that 
the objection is not a serious one. It would appear from the work of 
Jones of Connecticut, that so soon as crossing is again allowed to take 
place one may expect to recover all that has been lost. 

There is very great need for careful experimentation in order to 
determine the extent to which plants of this group and others which 
are normally cross-pollenized may be induced to set seed by self- 
fertilization. 

It is interesting to know that besides securing quick isolation of 
high class strains, this method also uncovers cases of extreme varia¬ 
tion within the offspring of one parent. Within the progeny of one 
onion bulb, self-fertilized, we have found the widest possible variation 
in type. With gladiolus, also, we find that where one plant may 
produce offspring showing more or less uniformity, another plant 
may give rise to extreme variations with respect to size, color, form 
of flower, season of bloom, etc. This fact suggests that in asexual 
plants selfing may perhaps provide the best means of bringing to 
light the extreme characters which are often of such great importance 
to the breeder. At any rate it seems beyond dispute that crossing 
tends to cover up the extremes while selfing tends to bring them out. 

Where it is desired to recombine characters the method is that 
of simple crossing or hybridizing, with which we are all fully familiar. 
With plants which are desired to breed true from seed, it would no 
doubt be well to purify the parent strains, or varieties, before crossing. 
It is probable that a great deal of the disappointment experienced by 
breeders in the past has been due to the use of material carrying un¬ 
desirable characters. It will be obvious that where the strains are 
purified before crossing, the chances of getting the desired combination 
are greatly increased. The crossing of such purified strains would 
result in Mendelian dominance and necessitate going to the second 
generation in order to secure the desired recombinations. 

It should also be obvious that the correct principle of mating 
varieties, or strains, which it is desired to cross, involves duplicating 
the good qualities in both parents whenever possible and offsetting 
always an undesirable trait in one parent with a corresponding good 
trait in the other. It is desirable, also, in selecting parents for 
crossing not to go any farther away in relationship than is necessary 
in order to do this and at the same time gain the inclusion of charac¬ 
ters which it is desired to recombine in the progeny. 

A large number of horticultural plants are propagated aseiWfJly 
and fall into the classes not requjred to breed true from seeds. It is 
probable that most horticultural perennials, including aU varieties of 
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fruit, are heteroz^^gose with respect to most characters and where 
two such are crossed recombination is looked for in Fi. As has been 
already suggested in the foregoing, certain individuals of such a 
cross would throw extreme variation in the second generation if 
self-fertilized, but, in general, there seems to be no rule by which one 
may know whether the maximum variation has been obtained in Fi, 
or whether it might possibly be increased by going to F 2 . In short¬ 
lived plants of this class it might often be practicable to carry on to 
the second generation by self-fertilization, thereby insuring the widest 
possible variation and the most pronounced segregation. In long- 
lived plants of this class, such as fruit trees, it will probably be found 
impracticable to proceed in this fashion because of the long-time 
nature of the operations and because of the self-sterility of many 
varieties. 

A great many of our most important plant breeding problems 
center around the matter of combining vigor, or constitution, with 
what we call the finer qualities, such as flavor and texture in fruits 
and vegetables, or size, color and aroma in flowers. In all these 
cases it would appear that the direction in which the cross is made 
is a matter of very great importance. If we were aiming to produce 
the highest poswsible percentage of strong, robust seedlings, it would 
of course be desirable to select a mother parent possessing these 
qualities. It seems to be the fact that, in general, plants inherit 
type and constitution more largely from the mother than from the 
pollen parent. In all these cases which are now under discussion, 
however, we are concerned not with the percentage of robust seedlings, 
but with the occasional seedling which combines in fullest measure 
the constitution of one parent and the finer qualities of the other. 
It happens that we have available for breeding purposes very few 
plants which possess this happy combination to begin with. In 
general, the species and varieties of most robust vigor are lacking 
in the finer qualities, while those which are noteworthy for their fine 
qualities are often lacking in constitution. There is evidence to 
suggest that perhaps the better way to make the cross is to use the 
higher quality plant as seed parent and the robust one as pollen parent. 
The writer is inclined to the opinion, based on extensive work with 
strawberries, that it is possible by this method to eliminate a very 
much larger percentage of seedlings in the first two or three years. 
It is probable that as good plants can be produced one way as the 
other, but certainly the time and space required for testing seedlings 
can be greatly reduced by the .following plan. Our experience is 
that if the robust plant is used as mother parent, we get a large 
percentage of seedlings of robust constitution and require to spend 
years of time in testing them out. 

There are so many cases of this kind that perhaps to mention a 
few examples would be the best way, of bringing out my meaning. 
In strawberries it would indeed be an achievement worthy of note if 
one could combine the vigor, hardiness and productiveness of the 
American varieties with the size and flavor of the best European 
aorts. We have been working on .this problem for some time but 
have only now waked up to the fact that we have been going the 
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wrong way about it. In rhubarb we have varieties possessing both 
size and quality, but I know of no variety with the necessary size 
and productiveness and which is also high class with respect to red 
color. In gladiolus, H. H. Groif, veteran gladiolus breeder and 
producer of many of our choicest varieties, has always used the method 
I am now describing. Mr. Groff’s most recent work has been done 
in the yellow section and he has successfully combined the clear yellow 
of the Primulinus species with the large size and improved form of 
the best cultivated sorts. Mr. Groff uses always the finest domestic 
forms as mother parents. In the breeding of roses it is much to be 
desired that the hardiness and disease resistance of such species as 
Rugosa should be combined with the long stem, large size, and 
exquisite form of the best Teas and Hybrid Teas. Whether the per¬ 
fect combination is attainable or not, there is certainly room for very 
great improvement, and as herein suggested the correct procedure 
would probably be to use pollen of the hardier species and raise 
seedlings from Teas and Hybrid Teas. 

In tree fruits, where winter hardiness is of such very great import¬ 
ance, it is probable that the method herein suggested would give 
better results than the reverse practice, which latter is much more 
commonly followed. A great deal of breeding for hardiness in apples 
has been done in the past, but up to the present the results are scarcely 
proportional to the amount of work done. It is probable, however, 
that this apparent failure can be accounted for by the use of the crab 
parent as mother. It seems to be the fact that apple seedlings inherit 
size of fruit in the majority of cases from the seed parent, and since 
it has been clearly proven that hardiness can be transmitted through 
the pollen parent, it follows that the correct procedure is probably to 
use the small-fruited, hardy parent as pollenizer and the large fruited, 
tender variety as seed parent. 

Disease resistance is of prime importance with many horticultural 
plants and breeding for disease resistance offers many interesting 
problems. Unfortunately, we are not offered by plant physiologists 
and pathologists so much encouragement in this connection as we 
should like. Dr. Edward M. East is of the opinion that differences 
in virulence of different strains of the same organism may be just 
as great, if not greater, than the differences in resistance of cultivated 
plants. His view is supported by that of other excellent authorities 
and by experimental evidence. It is probably also supported by 
the experience of plant breeders of whom some have found that 
varieties resistant in certain climates or localities are not so resistant 
when grown elsewhere. This raattdr is one which demands the 
fullest possible inquiry. Unt il fuller information is available probably 
the only thing we can do is to go ahead with our breeding work. If 
it succeeds, well and good, if not, we shall have to investigate the 
reasons for'failure. There Would appear to be no good reason why 
the resistance to apple scab which is in general characteristic of such 
varieties as Ribston, Blenheim Orange and others, may not be 
incorporated into such varieties as McIntosh, thereby greatly lessen¬ 
ing the risk of loss and reducing the cost of production. It is likewise 
earnestly to be hoped that the work of Dr. Hansen and others in 
breeding for blight resistant pears, may be wholly successful. 
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In all of this work it is well to keep in mind that the particular 
disease being worked on must be given every opportunity of infecting 
the seedling stock; if necessary the plants being tested for resistance, 
should be inoculated. With pears this can be easily done by the use 
of unsterilized pruning tools. In such cases as that of breeding 
beans for resistance to anthracnose it can easily be done by spraying 
the spores of the diseavse on the plants and maintaining moist, close 
conditions for 24 hours. 

You may probably have noted that no mention has been made of 
a principle of breeding, commonly designated as “Selection”. You 
may have noted, also, that no mention was made of such a process 
in discussing biological evolutions. It seems to me it is high time 
we define the word “selection”, and that wc should no longer confuse 
it with the process which is best described as “isolation”. Isolation 
is the ground work of practically all plant and animal breeding and 
consists in the segregation of a type or a line of heredity which was 
there all the time and which is only brought to light through being 
segregated. The sense in which Darwin used the word “selection” 
implies a gradual change of a cumulative nature in each successive 
generation. It seems fairly well establi.shed that selection within a 
strictly pure line is not capable of bringing about any great change. 
In some cases it is imix)ssible, of course, to say where isolation ceases 
and selection begins, but to the winter it appears that “isolation” 
expresses the fundamental idea of most improvement work much 
better than does the word “selection”. Such characters as vigor 
and constitution seem to be cumulative in nature, and in these cases 
selection may be the right word although it is well known that in 
many cases vigor is transmitted as a unit, and may be isolated by 
the same process of segregation which is ordinarily applied in the 
simple plant progeny test. 


Some Notes on the Inheritance of Unit Characters in 

the Peach 

By C. H. Connors, New Jersey Agricultural Experiment Station, 
New Brunswick, N. J. 

This paper presents the data secured from the first crop picked 
from the first generation seedlings from crosses among commercial 
varieties of peaches. Two thoughts are behind the paper. The 
first is to present what evidence has been secured of scientific interest. 
The second thought is that the data herewith presented may be of 
some assistance to others working along the same lines. This is 
with the idea of fostering the spirit of cooperation. I take it that 
our society is founded with this end in view, and more could be 
accomplished in lines of research if reports of progress could be made 
from time to time, especially with respect to a long time proposition 
such as breeding tree fruits. Publication of such data would enable 
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new investigators in the field to avoid certain pitfalls that are likely 
to occur, thus saving much valuable time. 

The primary object of this experiment is, of course, the improve¬ 
ment of our existing varieties. The second object is to study the 
inheritance of various characters, with the idea in mind that possibly 
light will be thrown on the classification of peach varieties and races, 
if such there be. 


Selection of Parents 

The parents used in one series of crosses were Elberta, Belle, 
Greensboro, and Early Crawford. 

Elberta and Belle were selected because they are two of the 
most widely grown varieties. Elberta, although the most adaptable 
variety in the list of commercial varieties, could be improved in 
flavor and in “irritability,” or tendency to start into growth during 
warm spells in winter. Belle has this same failing to a lesser extent. 
Both of these varieties are supposed to be seedl/ngs of Chinese Cling, 
with the possibility that Early Crawford was the pollen parent of 
Elberta, and Old Mixon of Belle. Chinese Cling is the progenitor of 
one of our so-called races of peaches, the North China Cling group. 
The variety Chinese Cling was not available, so Greensboro was 
selected, this variety being, as far as our knowledge goes, a line des- 
cendeiit from Chinese Cling. Greensboro is one of our hardiest 
and most prolific varieties. Early Crawford represents the so-called 
Persian group. In the other series, St. John was used as the seed 
parent and Early Wheeler and Greensboro as the pollen parents. 


Method of. Work 

The technique of handling the blossoms and the resulting seedlings 
were described in a previous paper.* 


Influence of Crossing on Period of Bloom 

The weather during the blooming period was very disagreeable. 
Rain fell on four days (April 12, 15, 16, 17). This, with cold, damp 
weather, was responsible for extending the length of the blooming 
period. 

Bloom started on April 8. Record was made of first bloom only, 
but this means not the first blossom but the apparent beginning of 
the real period of bloom. The latest trees to bloom had first bloom 
on April 20. Table I shows the number of seedlings resulting from 
the various pollinations that had first bloom on the various dates. 

It will be noted that the greatest number of trees had first bloom 
in the period from April 10 to 13, inclusive. This was the normal 
period of first bloom for the varieties used. Several of the seedlings 
had first bloom on the 17th, 18th, 19th, and 20th. 


*Proc. A. S. H. S. 1917. 
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Table I—Number of Peach Seedlings Having First Bloom on 
Various Dates in April, 1919 
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0 
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This may have been accidental, due to the growing condition of the 
tree at the time the blossom buds were formed, for the trees were 
young and made a very vigorous growth late into the summer, so that 
what fruit buds were set were not so well matured and consequently 
opened later. 

If this late blooming were not accidental, the condition is very 
desirable, as such seedlings would not be irritable. 

Inheritance of size of Blossom 

As notes were not made on all the trees, some not blooming, the 
data here given are incomplete for the total number of trees planted; 
but certain conclusions may be drawn from the data so far gathered. 

The blossoms of peaches may be arranged in three groups as to 
size: large, medium, and small. This applies to the aspect of the 
whole flower. The differentiation between the large and the medium 
sized blossoms is quite distinct. The petals of the large size may 
vary somewhat, ranging from 13mm. to 18mm. wide and from 17mm. 
to 20mm. long. The differentiation between the medium sized 
blossoms and the small sized blossoms is not quite so marked, but a 
distinction can be drawn. The small sized blossoms have petals 
ranging from 5 mm. to Gmm. ^vide and from 7mm. to 10mm. long. 
The petals of the medium sized blossoms range from 7 mm. to 9mm. 
wide and from 9mm. to 13mm. long. In some cases the petals of the 
medium sized blossoms do not spread out, making the blossom appear 
small. However, the blossoms of the small type have petals that are 
somewhat spatulate, while those of the medium size have petals 
rather ovate in shape. 

The classification of the peach has hinged to a certain extent 
upon the size of the blossoms. It is now known, however, that peach 
trees having all three sizes of blossoms are formed in China and some¬ 
times all three forms may be found in the same locality. 

Under an older classification, two races were recognized, those 
having large blossoms and those having small blossoms. It seemed 
to the writer that possibly the medium sized blossom might be an 
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intermediate or hybrid’* type, since Elberta and Belle, believed to be 
the result of a cross between large and small blossomed varieties, 
both have the medium sized blossom. 


Small Blossoms, Self-Pollinated 

The variety bearing small blossoms that was used in this work 
for self-pollination was Early Crawford. Records were kept of the 
bloom of 50 trees of Early Crawford self-pollinated. Of these, 46 
bore small sized blossoms and 4 bore blossoms having petals 7mm. by 
0mm, and 7mm. by 10mm. The probability is that the latter four 
measurements, because of delay in securing them, were from small 
blossoms which were very mature, since the expansion after maturity 
is about 1 mm. 


Large Blossoms, Self-Pollinated 

Unfortunately, the variety bearing large blossoms that was used 
in this series does not mature seeds. Greensboro is an early variety; 
ripening about 80 days after blooming. It was found that the germ 
developed, but that the cotyledons did not mature fully. 

In a later series another large-blossomed variety was used, but 
these will not bloom until the spring of 1920. 

Small Blossom Crossed with Large Blossom 

Observations were made on 28 trees of the first generation of a 
CToss between Early Crav'ford (seed parent) and Greensboro (pollen 
parent). All the seedlings have medium sized blossoms. In another 
series, St. John (small blossom) was crossed with Greensboro (large 
blossom) and with Early Wheeler (large blossom). All the seedlings 
(19 in the first instance and 30 in the second) had medium sized 
blossoms. 


Medium Sized Blossoms 

Table II gives the total number and the number of large, medium 
and small blossoms of seedlings of Elberta Self-Pollinated, Belle Self- 
Pollinated, Belle X Elberta and Elberta X Belle, 


Table II 


i 

Large 

1 Medium 

Small 

Total 

1 1 

No. 

Per 

cent. 

No. 

.. . . . ■ 

Per 

cent. 

No. 

Per 

cent. 

Belle Self-Pollinated. 

Elberta Self-Pollinated - 

Belle X Elberta. 

Elberta X Belle. 

Total . 

Mendelian ratio . 

26 

29 

16 

12 

83 

111.8 

15.4 

21.5 

24.6 
15.4 

18.6 
25.0 

103 

64 

38 

55 

260 

223.5 

61.0 

47.4 

58.5 

70.5 
58.2 
50.0 

40 

42 

11 

11 

104 

111,8 

23.7 

31,0 

16,9 

14.1 

23.3 

25X) 

169 

135 

65 

78 

447 
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These figures seem to indicate that the medium sized blossom 
is an intermediate, as when crossed among themselves or selfed, the 
seedlings split up into approximately the Mendelian ratio for hy¬ 
brids, large blossoms being dominant. 

Medium Crossed with Small and Small Crossed with Medium 

SiiED Blossoms 

Table III gives the results from seedlings secured by crossing 
Belle and Elberta with Early Crawford, and the reciprocals. 

Table III 



Large 

Medium 

Small 

Total 

No. 

Per 

cent. 

No. 1 

Per 

cent. 

No. 

Per 

j cent. 

Belle X Early Crawford . 

1 

0.8 

76 i 

63.3 

43 

35.8 

120 

Elberta X Early Crawford . 

11 

14.1 

46 ! 

59.0 

21 

j 26.9 

78 

Totals. j 

12 

6.1 

122 i 

61.6 

64 

i 32.3 

198 

Early Crawford X Belle . ... | 


—— - 

21 i 

80.8 

5 

1 19.2 

26 

Early Crawford X Elberta j 



21 : 

50.0 i 

21 

! 50.0 

42 

Totals. . i 

i 


42 i 

_i 

61.8 i 

1 

26 

i 38.2 1 

1 

()8 


The number of individuals is relatively small, so no definite con¬ 
clusions can be drawn. In the first set, the Mendelian ratio would 
seem to work out, with the large petalled flower dominant. The 
reciprocals, however, do not seem to bear this out entirely, as no 
large petals occurred, but the population is small. 

Medium Crossed with Large Blossoms 

Belle and Elberta were crossed with Greensboro, and the results 
are shown in Table IV. As previously noted, no reciprocals are 
possible where Greensboro is used. 

Table IV 
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No. 

Per 
cent. 1 

1 

No. 

Per 

cent. 

No. 
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Belle X Greensboro.1 

56 

31.8 

114 

64.8 

6 

3.4 

176 

Elberta X Greensboro. 

41 

45.6 1 

42 

46.7 

7 

7.8 

90 

Totals. 

07 

36.5 

15? 1 

58.7 

13 

4.9 

266 

__ — - 

- __ 

__ 

-^ 

— - _ 

_ 

__ 

- — 


Here again is an indication of the dominance of the large petalled 
flower. 

While no definite conclusion can be drawn as a result of one 
generation, the indications seem to point to two pure types of bloom, 
the large and the small, with the medium sized blossom as an inter¬ 
mediate. 
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Correlations 

At this time attention is called to two correlations in characters 
of the peach. Hedrick* established a correlation between the color 
of the inside of the calyx cup and the color of the flesh of the fruit. 
When the calyx cup is greenish, the fruit will be white and where 
the calyx cup is a deep orange, the flesh of the fruit will be vellow. 
An intermediate type is found in which the cal 3 oc cup is yellowish 
buff, and following this the color of the flesh will be white, but the 
tree carries a character for yellow flesh. This is true in the case of 
Belle. 

Another correlation is that between the leaves and the color of 
the flesh. In a general way an observation of the color of the foliage 
will serve to indicate the color of the fruit, for where the leaves are a 
dark green, white fleshed fruits are found and where the leaves have 
a yellowsh cast (excepting, of course, injured trees), the color of the 
fruit will be yellow. This correlation seems to be quite definite, but 
an examination must be made of the veins. When the midrib and 
veins of the leaves of a tree have a yellowish cast, the fruit is yellow; 
but if the midrib and veins are a pale green or whitish, the fruit 
will be white. Use of these two correlations will be made later. 


Ripening Dates 

The ripening dates of the various varieties concerned in this 
discussion were as follows, the date being that of the first picking; 
Early Wheeler, July 17; Greensboro, July 27; Carman, August 8; 
Early Craufford, August 20; Belle, August 27; Elberta, September 4. 
St. John did not ripen fruit this season, but the date for this variety 
would have been about August 14. 

Belle S. P. The first of O.'i seedlings to friiit ripened on August 13 
and the last one on September Ki. The largest group, 38, ripened 
approximately with Belle, between August 25 and 29. Another 
group of 19 rifiened from the Kith to the 18th and a group of 15 from 
August 31 to September 2. None ripened after September S until 
the last one on September 10. 

If Belle is a seedling of Chinese Cling X Early Crawford, the early 
ripening group would be explained, although it is a few days earlier 
than Early Craufford. The late ripening group practically coincides 
with the ripening date of Chinese Cling. 

Elheria S. P. Only 38 .seedlings from this parentage fruited. 
The first one ripened on August 11 and the last one on September 8. 
The majority ripened from August 31 to September 4. This would 
bring the gr^test number to ripeness at the Elberta season. 

Early Crawford S. P. The seedlings of this parentage were 
planted in 1917, so were in their third season, and only six bore fruit. 
These were scattered over the period from August 11 to 31, and fire 
not sufficient in number to give any indication of how the date of 
ripening is inherited. 


•Hedrick, U. P. “Peache.s of New York.” 



30 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


Belle X Elberta. The first to ripen in this lot were picked on 
August 22. A well defined group was picked between August 25 and 
29 and another group between September 1 and 7. TVenty-one 
fruited at approximately the Belle season and 33 at approximately 
the Elberta season which would seem to indicate a slight prepotence 
of Elberta with respect to this character. 

Elberta X Belle. The first of this group to ripen matured its 
fruit on August 22 and the last on September 9, The majortiy (33 
out of 36) matured between August 28 and September 3, beginning 
about with Belle and lapping over into the Elberta season. Almost 
all ripened within the limits of the two varieties, which themselves 
lap. 

Belle X Early CravL'Jord. Sixty-five seedlings from this cross 
fruited. The first ripened on Au^st 8 and the last on September G. 
There are four groups with the limits and numbers as follows: August 
15-18,18; August 21-25, 18; August 28 to September 2, 25; Septem¬ 
ber 4-6, 4. The first group corresponds with Early Crawford; the 
third group about with Belle. The second group is an intermediate 
and the last group reflects the ripening date of Chinese Cling, parent 
of Belle and also of Late Crawford, parent of Early Crawford. 

Early Crawford X Belle. Only eight of this cross fruited this 
season, extending from August 12 to vSeptember 2. The indications 
are that the results with respect to this character will be approxi¬ 
mately the same as in the reciprocal of the cross. 

Elberta X Early Cranford. Thirty one seedlings of this group 
fruited, ripening from August IS to September 7. The majority (25) 
ripened from August 30 to September 2, just a little before Elberta. 
One ripened August 18, about the Early Crawford season and five 
from September 5 to 7, about the season of Late Crawford and Chinese 
Cling. 

Early Crawford X Elberta. These 22 seedlings began to ripen 
on August 27 and the last one ripened on September 3, with the 
majority between August 29 to September J. This is approximately 
the same as in the reciprocal. 

Belle X Greensboro. This group comprised 113 seedlings. Only 
1, ripening on July 21, approached the ripening date of the pollen 
parent; 68 ripened in the period between August 7 and 12, which 
approximates the Carman season and is about midway between the 
season of the parents. From July 30 to August 6, 18 ripened and from 
August 13 to 18, 25 matured. One matured on August 30. This 
seems to indicate a compromise*with the influence appaiently slightly 
in favor of Greensboro. Now Greensboro is believed to be a seedling 
of Connet, which ripens at the same time with Carman. 

Elberta X Greensboro. This group of 34 commenced to fruit on 
August 2, the last one ripening on September 1. There is one group 
of 10 trees ripening in the period from August 2 to 7, another group 
of 22 in the group ripening between August 11 and 17, one tree which 
ripened on August 28 and one on September 1. The number of 
individuals is smaller than in the case of Belle X Greensboro, but the 
tendency with respect to date of ripening seems to be about the same. 
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Early Crawford X Greensboro. Only six from this cross fruited, 
the dates of ripening extending from August 31 to 31. The number 
of individuals is too small to draw any conclusions. 

St. John X Early Wheeler. Twenty from this cross ripened. 
The earliest was July 18 and the last August 7. These extend from 
about the Early Wheeler season not quite to the season of St. John, 
showing the strength of Early Wheeler in the direction of setting 
forward the date of ripening. 

St. John X. Greensboro. Only 7 of these fruited, the first on 
July 25, the season of Greensboro, and the last on August 1, about 
half way between Greensboro and St. John. 

It is evident from the foregoing statements that where such 
relatively pure varieties are bred, we do not obtain the great extremes 
of periods of ripening obtained from promiscuous crossing or sowing 
open pollinated seeds of some varieties. The tendency seems to be 
mainly an influence to attain the ripening periods of the parents, 
with a few apparently atavistic individuals. Future generations, 
however, may upset these results. 

Inheritance of Color of Flesh 

The study of the inheritance of the color of flesh in peaches is 
complicated by the possible and probable variation in genetic con¬ 
stitution for this character. While peaches are known to be generally 
self-fertile, the possibility of cross-pollination under orchard condi¬ 
tions is always present. Since most of our peach varieties are 
<‘hance seedlings, we do not know, with any certainty, what these 
varieties carry as recessives in flesh color. An example of this is 
the variety Elberta This variety is known to be a seedling of 
Chinese Cling. If Chinese Cling WJ-ere pure white, and were crossed 
with a yellow variety, then all of the seedlings in the Fi generation 
should be white, unless color of flesh is a sex-linked character. In 
the F 2 generation, we would expect splitting up. However, Elberta, 
as the Fi, is yellow, while Belle, a seedling of the same variety, is 
white. 

In table V are shown the number and percentage of fruits having 
white or yellow flexh and the probable number and the percentage 
having white and yellow flesh among those seedlings that have not 
fruited. This latfer data is based on the double correlation of 
foliage, color and the color of the calyx cup. 

We can consider this only as the Fi generation of parents of un¬ 
known constitution, and of course cannot draw any very definite 
conclusions from the results. Several facts, however, stand out. 
Belle carries a factor for yellow of about 25 per cent. When Belle is 
crossed with a variety that is considered pure white, Greensboro, no 
vellow fleshed fruit was obtained, although probably 6 will be found 
among the seedlings that did not ripen. Basing our percentages on 
the total number of trees 97.5 per cent will be white and 2.5 per cent 
will be yellow. When Belle is crossed with a variety always supposed 
to be pure yellow as to flesh, Early Crawford, we shall probably 
have about one-third white and two-thirds yellow. In the reciprocal, 



Table V—Inheritance of Color of Fri it in the F| Generation, Number and per cent, of White and Yellow 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


I 3 

s I 


2 


s 

pH 


I 




k ^ 

I ^ 

! 13 . 


5 ID O 

(Nil 

^Diod 

H 

Isl 1 




OO Oi »-t CD ;0 iD'^i’OOOOO 

r*" Di* ci to Q Q 

t>. iC'itcOiOi-i 0:>CfiO OO 

1 *^ 1^ 


rH Di 


DIOI^OO^OOOCDOO to 

SSggSSSteS'^2 S 


;; 82 s;'j§ 2 iS®®®: 8 ®® i 


X.C;5<?t';»Oq I ■VNQ'-'iOC) , 

In. CO TP »?; 1—I ! OwXO OO 


•DlN'CDcDtDiD'CDO I X ’ fO J | 

?;g5SS5igg I 1S8 ; I 


ID ?0 ’*f 'i" ID lO rr i o Cl O In. o Q 

S‘'555:i82 '|fe828§ 


cccO’—'<; cI'»»doo?o?oO’-hoi^ 




• '^2 ec 

N' S-< O 

fe- s 

2“o ® 

• 2X9X|| 


C 

CPh 


cue/: 
x5 
' c 
*^;2 
«W 


’25 «3 o g fci 

JCQ’lf w^g 

SXw 2X EO>< 

Vn oi siS « us: 

nucQHpiiHnu 


ti £ 

' 2 'S’H ^ 
||wo 

rt cd X ^ 

Wl ^m4 

>> o o 


XO) I 





NOTES ON INHERITANCE OP UNIT CHARACTERS IN PEACH 33 

Early Crawford X Belle, the percentages will be about 50-50, thus 
indicating a slightly different effect depending on the direction in 
which the cross was made. When Belle is crossed with Elberta, 
possibly a sister, or at least a step-sister, we find 52.9 per cent white 
and 47.1 per cent yellow, but where Elberta is crossed with Belle, 
we find practically a reversal of the percentages of white and yellow, 
although with a sufficiently large population a 50-50 result might 
have been obtained. 

Elberta S. P. gives 2.8 per cent white fleshed fruits. If we are to 
go upon the assumption that this generation is the F 2 of a cross be¬ 
tween Chinese Cling and a yellow variety, then the expectation 
would be at least 25 per cent white, which leads to the thought that 
perhaps Chinese Cling is not a pure white and that the classification of 
peaches into the various groups is based upon a fallacious assumption. 

When Elberta is crossed with Early Crawford (supposed to be 
its pollen parent) we obtain about one-eighth whites, while the recipro¬ 
cal gives all yellow fleshed fruits. In the latter the population is 
SiHall and a few more trees might easily change the results. It would 
seem, however, that the difference here is again due to the direction 
of the cross Elberta X (ireensboro gives 91.4 per cent white and 
8.1) per cent yellow, showing the dominance of the white flesh over 
yellow flesh. 

Early Cravfford S. P. gives 4.8 per cent of the seedlings bearing 
while fleshed fruits. This variety has always been considered a pure 
yellow. Belonging to the grou]> having small blossoms, which are 
more likely to self-fertilize, we should expect that it would be more 
nearly pure than some of the other varieties. However, the parent 
of tliis variety. Late Crawford, throws a considerable proportion of 
white fleshed seedlings from open |X)llinated seeds, which would lead 
us to expect the recessive white. When Early Crawford is crossed 
with Greensboro, all of the seedlings bear white-fleshed fruit, shoving 
the dominance in the Fi of white over yellow. 

St. John X hlarly Wheeler gave all white in the Fi and St. John X 
Greensboro likewise. 

CONCLrSlONS 

We know nothing of the nature of the yellow coloring matter in 
the i>eaeh, although it seems to be a sap color. 

It would seem that a cross between a pure white and a pure yellow 
would give all white flesh in the Fi. 

In crossing commercial varieties we are dealing with unknown 
genetic constitution, and so cannot prophesy what will happen in 
later generations. 

Wherever a white fleshed variety is crossed upon a yellow^ fleshed 
variety, the seedlings show a marked increase in vigor over that of the 
yellow parent. This is especially true where Greensboro is used. 

Adhesion of Flesh to vStone 

In these crosses, only freestones and clingstones were used. There 
is a difference in the adhesion of flesh to stone between Early Wheeler 
and Greensboro, the former being very clingy and the latter less so, 
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but not enough to be classed as a semi-cling under the climatic condi¬ 
tions in New Jersey. 

The relation of the scmi-clingstones is not clear. They seem 
to be border line cases in that under varying climatic or weather 
conditions they sometimes become cling and at other times almost 
free. 

Where freestones are self-pollinated or crossed ^vith other free¬ 
stones, as shown in Table VI, a large proportion of the seedlings, 
varying from a little more than 50 per cent, in the case of Early 
Crawford X Elberta to 100 per cent in the case of Early Crawford 
self-pollinated, are freestones. Only a few of the Early Crawford 
self-pollinated seedlings ripened, so that the data for this variety 
are not conclusive. However, in the Belle X Early Crawford and 
reciprocal, and Elberta X Early Crawford, from 07.8 per cent to 
80 per cent of the seedlings were freestones. Both Belle and Elberta 
seem to carry a factor for clinginess of about one-third, as about two- 
thirds of the seedlings are freestones. 

When freestones are crossed with clingstones, a higher proportion 
of clingstones is secured. Elberta X Greensboro, however, gives a 
larger percentage of freestones than does Belle X Greensboro. This 
might be expected, judging from the behavior of Elberta and Belle 
when self-pollinated, Elberta 8. P. giving a slightly greater per cent 
of freestones than Belle S. P. 


Table VI— ^Adhesion of Flesh to Stone 


Freestone Semi-Chng riingstonc 


Total 




No. 

Per 

cent. 

No 

Per 

cent. 

' No 1 

Per 

cent. 

Bdle S. P. 

95 

61 

(H.3 

14 

14.7 

20 

21.0 

Elberta vS. P. 

41 

29 

70.8 

1 

2.4 

11 

26.8 

Bello X. Elberta 


M 

fH.2 

3 

5.6 

16 

30.2 

Elberta X Belle . 


25 

69.5 

5 

13.9 

6 

16.6 

Belle X. Earlv Crawford 

<>5 

52 

80.0 

1 

1.5 

12 

18.5 

Early CrawfoVd X Belle . 

8 

6 

75.0 

0 

- 

2 

25.0 

Elb rta X Early Crawford . 

31 

21 

67.8 

1 

3.2 

9 

2tl.O 

Early Crawford X Elberta 

22 

12 

54.5 

2 

9.1 

8 

:^6.4 

Belle X Greensboro 

113 

37 

32.7 

, 50 

44.3 

26 , 

23.0 

Elberta X Greensboro 

34 

14 

41.2 

10 

29.4 

10 ' 

29.4 

Early Crawford X Grei‘nsl)oro 

It) 

5 

31.2 

4 

25.0 

7 

43.8 

Early Crawford S. P. 

9 

6 

lOO.O 

1 0 

- 

0 

. _ 

8t. John X Early Wheeler 

20 

0 

— 

3 ; 

15.0 

s 17 , 

8.5.0 

St. J ohn X Greens! )oro 

7 

2 

28.6 

0 

— 

5 

71.4 


The effect of the difference in relative clinginess of Early Wheeler 
and Greensboro is shown in the seedlings. 8t,. John X Early Wheeler 
gave Ilf) freestones, while vSt. John X GreeUvSboro gave 28.() per cent 
free. The population in the latter case is very small. 

Further crosses have been made in an effort to ascertain the 
relationship of the semi-ding group, and also of the clingstone group. 
One point was made very clear in the series under discussion, and that 
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is that it is impossible to secure viable seeds from the early season 
clingstone varieties. 

Conclusion 

Freestone X freestone gave about two-thirds freestone seedlings 
and one-third either semi-cling or cling. 

Freestone X clingstone gave a large proportion of clingstone 
s^dlings, var 3 dng with the degree of dinginess of the parents and 
with the power of the freestone parent to produce freestone seedlings. 

Economic Aspect 

The fruit of each seedling as picked and described was classed 
according to its economic value. ‘‘Desirable” means that the indivi¬ 
dual could be planted in a commercial way, but not necessarily that it 
is worthy of propagation and dissemination. The other classes are 
^‘may be desirable”, “not very desirable” and “not desirable”. In 
the latter class are placed most of the clingstones and those of mark¬ 
edly poor desert quality. Those dassed “may be desirable” were 
many of them as good as some of the varieties now grown. The 
fruit from these was marketed in a local market which would take 
fruit that could not be handled in a larger market. 

Of the 546 seedlings described, 155 or 28.3 per cent were classed as 
“desirable,” 156 or 28.7 per cent as “may be desirable,” 80 or 14.7 
per cent, as “not very desirable” and 155 or 28.3 per cent as “not 
desirable.” Some of these in the latter class were marketed, so that 
about 75 per cent of all the seedlings yielded fruit that could be sold 
in a local market. ] 

There do not seem to be any records of earlier experiments in 
crossing peaches. From promiscuous sowing of seeds, it is gathered 
from reports that usually only a small percentage of the seedlings 
yield marketable fruit. That these seedlings secured from crossing 
known ])arents should be so far superior to the run of “mongrel” 
seedlings seems to be due to the quality of the parents used in the 
crosses, each one of which has one or more outstanding desirable 
characters. 

As for the possibilities for new or improved varieties, one year’s 
test is, of course, not sufficient. However, a number of these seedlings 
are outstanding and have been propagated for further trial. Among 
these are: 

1. Several seedlings of Belle X Greensboro, freestones, oval in 
shape, of very bright color, resistant to brown rot, vigorous and 
productive, ripening at the season of Carman; 

2. A seedling of Belle X Early Crawford ripening at the time 
of Champion, round in shape, freestone, a vigorous grower, having 
the flavor of Champion, but resistant to brown rot; 

3. Several seedlings of Belle X Early Crawford that resemble 
Belle in shape but have the color of Early Crawford, of good quality 
and ripening about the season of Belle; 

4. A seedling of Early Crawford X Elberta, resembling Elberta 
in shape and color but of superior quality, ripening about one week 
before Elberta. 
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Summary 

As stated at the beginning, the object of this paper is not so much 
to lay down any definite scientific conclusions respecting the inherit¬ 
ance of unit characters in the peach, as to set forth the data secured 
in order that others working along the same line may have the 
information in the hope that it may be of some assistance. 

The fruiting of the remainder of the seedlings may change the 
results herein given, as it has been found that frequently some varia¬ 
tion may be continuous in a row for a number of trees and then give 
way to ^ome other variation, only to appear again later. 

The general results are these: 

Elberta carries white flesh as a recessive character to the extent 
of about one-third. It seems prepotent with respect to ripening 
period. Its character for quality is only mediocre. 

Belle is strongly white, but seems to carry a 25 per cent character 
for yellow. It is prepotent with respect to vigor and quality and car¬ 
ries a factor for clinginess of about 25 per cent. 

Early Crawford is almost pure yellow. Its character for quality 
seems dominant as does its character for freestone. 

Greensboro seems to be pure white, is clingtstone but carries a 
small factor for freestone. 

White on yellow gives increased vigor. 

White seems to be dominant over pure yelow in the Fi generation. 


Asexual Inheritance in the Violet 

By R. D. Anthony, Pennsylvania State College, State College, Pa, 

This paper will be published as a technical bulletin; no other 
information available when this report was printed. 


Some Characteristics of Open-Pollinated Seedlings of 
the Malinda Apple* 

M. J. Dorsey, University Farm, St, Paul, Minnesota 

IN THE fall of 1007 a quantity of Malinda apples topworked 
* upon Oldenburg, was obtained "from the orchard of Seth Kenney, 
at Waterville, Minnesota. These apples were open-pollinated and 
wcTe taken from a small orchard made up largely of Oldenburg, 
Wealthy, Scott Winter, Hibernal, English Russet, Patten Greening, 
Northwestern Greening, and a number of other varieties, most of 

^Published with the approval of the Director as Paper No. 191, or the Journal 
Series of the Minnesota Agricultural Experiment Station. 
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which were topworked on miscellaneous varieties. There were some 
of the crabs growing ’n^r by. It is probable that most of the pollen 
came from the adjoining trees where crossing took place, although 
the relative blooming time of the Malinda and other varieties was 
not recorded. The extent that selling took place under these condi¬ 
tions cannot, of course, be determined, e.special]y since the status 
of self-fertility in Malinda in this locality is not known. 

There was an unusually high per6entage of germination of the 
seed obtained from this source, and after one year in the seed bed 
the best seedlings (about 200 of the smaller ones were planted separa¬ 
tely the next year) were planted in Plot No. 2, at the Fruit Breeding 
Faim, feet apart in rows which were 8 feet apart. This plot has 
a slight westward slope and a dark, rich, sandy loam soil. Practically 
every seedling grew. The plot was given clean cultivation up to 
2 years ago when grass was allowed to grow. 

Two things should be kept in mind vHth reference to these seed¬ 
lings (a) all are growing on their own roots and (b) only one parent, 
the seed parent, is certainly known Since the time” element has 
brought this plot of 3,879 plants to the final stages of selection and 
discarding, it is pertinent to raise the question as to what there, is of 
genetic interest to horticulturists in such material. 

Oi)en-pollinated seed was selected from Malinda on account of 
its hardiness and long keeping qualities. It will be recalled that 
this variety originated in Orange County, Vermont, and was first 
grown in Minnesota about 18()0. The tree is characterized by a 
scraggly, willowy growth, and tends to form a central stock when 
not shaped by pruning. The fruit is medium in size, conical, ribbed, 
firm, fair in quality and keeps in common storage until mid-winter or 
later. It would appear then that there are some characters in this 
variet}’, such as firmness and hardiness, which are desirable and some, 
as the type of giwth and low quality, which are undesirable. The 
characters then of open-{)ollinated seedlings, presumably with 
varieties suj)erior in quality, will be of interest, especially in view of 
the numbers involved. 


The Discarded Inferior Types 

The second and third years after planting in the field plot, the 
seedlings were carefully inspected and the few which were making a 
slow growth and the so-called “wild types” were dug out. The 
number of these in each of the 24 rows of the plot is shown in the first 
column of Table I. 

Table I. Showing the record for each row of the trees which 
have been discarded (a) because of wild type or stunted growth, 
(b) those which bore inferior fruit, and (c) the remainder, made up 
of those which have not fruited and those which have been selected 
for further study or propagation. 
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Row 

Wild types or 
stunted growth 

i 

i 

1 

Inferior fruited 
types discarded 

Trees remaining 
comprising 
those selected and 
those which have 
not fruited 

Total in Row 

1 

1 58 

53 

56 

167 

2 

! 67 

43 

47 

157 

3 

1 72 

-53 

54 

179 

4 

' 64 1 

53 

43 

160 

5 

! 73 1 

39 

55 

167 

6 

60 ' 

48 

57 

165 

7 i 

64 ! 

48 

60 

172 

8 ! 

76 i 

37 

52 

165 

9 

77 ; 

27 

54 

158 

10 

69 

33 

48 

150 

11 

86 

21 

i 

154 

12 

69 

47 

! 57 

173 

13 

80 

28 

48 1 

1 156 

14 

86 

40 

57 1 

1 183 

15 i 

75 

28 

46 j 

149 

16 ! 

86 

24 

45 

155 

17 1 

88 

28 

53 1 

169 

18 ! 

74 

37 

51 I 

162 

19 i 

91 

29 ' 

44 

164 

20 

88 

32 : 

51 ! 

171 

21 

89 

23 ; 

41 j 

153 

22 1 

101 

18 ' 

32 

151 

23 ' 

107 

8 

35 

150 

24 

103 

11 

35 

149 

Total .... t 

1903 

808 

1168 

3879 

Per cent .... | 

49.1 

20.8 j 

30.1 

i 



The wilji types were thorny, some extremely so, and, while they 
generally made an average growth compared with the others, some 
were stunted and scraggly and others were very vigorous. Some of 
these fruited early and the fruit was generally small, although firm 
and long keeping. These types, it will be seen from Table I, repre¬ 
sented nearly 50 per cent of the whole, or 1903 seedlings out of 3879. 
While most of these were discarded before fruiting and the type of 
fruit which would have been borne by the larger number is con¬ 
sequently unknown, there is justification for such heavy discarding 
on the basis of inconvenience of working trees of this type in either 
the nursery or the orchard. 

Variation in the Time op Coming into Bearing 

These seedlings have shown great variation in the time of first 
fruit production. Some fruited as early as the fourth and fifth year 
after replanting from the seed bed. The sixth year from planting 
in the orchard, however, the larger portion fruit^, and at this time 
those with inferior fruit were cut out. Following this season (1914), 
some have fruited^ each year and further discarding has resulted. 
It should mentioned that, while the trees were planted close in 
the beginning, up to the present the total number discarded repre- 
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sents approximately 70 per cent of the original number. The space 
left by the discards has been largely taken up by the increased size 
of the trees remaining so that where the trees are continuous in the 
row there is considerable crowding now with the seedlings 11 years in 
place. 

In the early spring of 1915 the larger branches of all remaining 
trees were either ringed near the trunk or a copper wire wrapped 
spirally around in an attempt to use this method of forcing them into 
fruiting. It was especially desirable to bring those which had not as 
yet fruited into bearing so that further discarding could be done to 
relieve the crowding. This procedure was of little avail, if any, in 
inducing fruitfulness. 

The number of trees bearing inferior fruit is represented in the 
second column in Table I and comprises about 20 per cent of the 
total number. Thirty per cent of the trees are still standing. These 
are made up of those which have not fruited and those which have 
been selected for further study or propagation. Since the latter 
total only about 300 it will be seen that about one-third are left to 
bear their first fruit. Two past seasons of canker worm injury to 
foliage, together with further crowding, may result in placing the 
fruiting time of a considerable number still farther into the future. 

The variation shown in the time of coming into fruiting does not 
appear to be due entirely to CTOwding since other lots of controlled 
crosses planted farther apart have shown a similar variation. Fur¬ 
thermore, some trees have shown a tendency to bear a few fruits 
each year in spite of the close planting. The 300 or so, however, 
which have been selected to date on account of their promising fruit, 
present a difficult task in the final weeding out. It will be seen, 
therefore, that selection can begin early and continue late in such a 
plot of seedlings. It will be of interest to note whether those trees 
coming into bearing early as seedlings will also come into bearing 
early as nursery worked trees, the late bearing habits of some varieties 
being well known. 

Some Outstanding Variations in the Fruit 

No two of these seedlings have borne fmit exactly alike. Many 
resemble Malifida, suggesting self-fertilization. Some are sweet and 
some are sour. Very few, if any, could be ranked with Wealthy or 
Grimes Golden in quality. In some the long keeping qualitv, so much 
sought for in Minnesota, hasappeared. Thesizevariesfrom Wolf River 
to a small crab. Some have the markings of Wealthy, some of Patten 
Greening or Northwestern Greening, and some of Hibernal; but most 
of the selections can be regarded as distinctly new types. A large 
number of the most promising in external appearance are coarse 
and only fair in quality. However, among the 300 or so which have 
been numbered for further study os among those which to date have 
been sent out to the trial stations for testing, there are a ^ore or so 
which give promise of being worthy of a place in the variety list of 
Minnesota. It is too early as yet to speak with any finality of any 
of these, but there is an interesting list of a few long keeping seedlings 
of good quality which are variations in the direction sought. These 



40 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


are as yet, like any new variety, unknown quantities from the stand¬ 
point of their commercial value. Since all of the better types will 
have to be rigidly selected for hardiness, it will be interesting to note 
the behavior of the seedlings still standing during the test winter of 
1917-18. 

Winter Iniury During 1917-18 

By referring to Table I it will be seen that after discarding the 
wild types and those producing inferior fruit that 1168 trees remained. 
This number retiresents only about ^0 per cent of the total, and 
consequently their relative hardiness can be taken as only partly 
indicative of hardiness of those discarded. It should be remembered 
that the 300 or so which have been selected as i)romising are among 
them. 

Table II. A classification of 1 UiS seedlings of Malinda according 
to the degree of winter injury in 1017-18. Note the greater injury 
to the trunk as compared with the to]). 



Trunk 

Main Branches 

Row 

No 

Slightly 

Medium 

, Dark 

No ! 

Slightly 

Medium 

Dark 


Injury 

Brown 

Brown 

! Brow n 

Injury 

Brown 

Brown 

Brown 

1 

9 

27 

18 

2 

51 

5 

_ 

r>6 

2 

5 

‘2^) 

13 



14 

— 

47 

3 

19 

30 

5 

— 

47 

7 

— 

54 

4 

‘24 

17 

2 

— 

37 

*6 

— 

43 

5 

18 

30 

7 

— 

50 

5 

-i 

55 

6 

16 

35 

6 

— 

51 

0 

— 

57 

7 

13 

41 

6 

— 

53 

6 

1 

60 

8 

18 

27 

7 

— 

49 

3 

- j 

52 

9 

10 

41 

3 

— 

53 

1 

- ; 

54 

10 

4 

37 

7 

— 

37 

11 

- i 

48 

11 

4 

32 

10 

1 

36 

8 

3 

47 

12 

8 

40 

8 

1 

46 

9 

2 

57 

13 

10 

30 

8 

- - 

38 

10 

— 

48 

14 

10 

33 

12 

2 

48 

8 

1 

57 

15 

6 

22 

16 

2 

34 

9 

3 

46 

16 

5 

24 

11 

5 

;i:i 

11 

1 

45 

17 

5 

24 

‘20 

4 

37 

15 

. 1 

53 

18 

3 

24 

23 ! 

1 

39 

12 

— 

51 

19 

3 

26 

15 

— 

39 

5 

— 

44 

20 

3 

34 

14 

— 

40 

9 

2 

51 

21 

— 

19 

20 

2 

37 

2 

1 

41 

22 

— 

17 

15 

— 

28 

4 

— 

32 

23 

2 

12 

16 

5 

25 

7 

3 

35 

24 

— 

6 

‘23 

• 6 

22 

10 

3 

35 

Total 

195 

657 

285 

31 

96:^ 

18^1 

21 

1168 

Per 

16.7 

56.2 

24.4 

2.7 

« 

82.4 

15.7 

1 1.8 



The degree of browning in the wood in trunk and branch has 
been taken as the basis of classification. Record was made for 
each tree by cutting through the bark into the wood with a sharp 
hatchet about 2 feet above the ground on the trunk, and also on 1 or 2 
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of the main branches varying from 1‘ to inches in diameter. 
There was generally greater injury on the south side of the trunk 
than on the north, and in order to emphasize that injury the cut was 
purposely made on the south side. This appears justified when it is 
consider^ that in some there was not even the so-called sun-scald 
injury present. The larger limbs and branches did not show this 
difference in browning between the northern and southern sides. 

Three things are outstanding in Table 11: First, 195 trees out of 
1168 escaped injury in lOlT-lS. Second, there is greater injury 
generally to the trunk than to the main branches. For instance, 
note that 963 trees had no browning in the wood of the main branches, 
while only 195 were uninjured in the trunk and that 657 were slightly 
injured in the trunk and only 183 were slightly injured in the top. 
Third, the extent of injury to the trees in each row is fairly consistent. 

It wotild appear that 195 hardy trees out of 1168 is more than 
would ordinarily be expected, when the severity of the winter of 
1917-18 is considered. The question now arises as to how many 
of these hardy trees have been selected for further study on account 
of the characteristics of the fruit. Up to 1917, 88 of the trees which 
had fruited were selected and given numbers. Of these, 22 were 
hardy in the trunk. 50 were slightly brown, 14 medium brown and 
2 dark brown; in the main branches 73 were uninjured and 15 were 
slightly brown in the wood. These had been selected previous to, 
and consequently independently of, the killing during winter, and it 
is encouraging to note that some of the best fruited types are among 
the hardiest. It is entirely probable, however, that tlie hardiest 
seedlings in the ])lot were among the wild types and those discarded 
because of the inferior fruit, especially the former. 

In view of the extent to which the Malinda seedlings were injured 
by the winter of 1917-18, the degree of browning in a few of the 
standard varieties at the Fruit Breeding Farm will be given for 
c'omparison. Hibernal and Oldenburg, two of the hardy varieties 
in Minnesota, were generally hardy in the top, but the wood was 
often slight!}" brown in the Irunk. Pyrus baccata was not injured. 
Anisim proved to be one of the hardiest varieties, while Wealthy 
wood was generally slightly, or medium brown. On the other hand, 
such \"arieties as Grimes Golden, Black Ben, Delicious, Hubbardston, 
and Winter Banana were all brown, or dark brown in the wood, even 
in the smaller limbs. These illustrations taken from the standard 
varieties only serve to emphasize the hardiness of a large number of 
the Malinda seedlings. 

In a summary statement of the charactersitics of these seedlings 
of Malinda the following may be emphasized: (a) The inferior 
types can be detected and discarded before fruiting by the appearance 
of leaf, thorns and branches. In material of this kind this allows for 
closer planting and consequently the growing of larger numbers, 
(b) The tiihe of coming into fruiting varies greatly. In these seedlings 
’ some fruited at the third and fourth years and a considerable number 
—approximately one-fifth-have not fruited at the twelfth year. 
It will be of interest to determine whether the early or late bearing 
habit as seedlings holds when topworked, or when planted in the 
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orchard in the usual means, (c) A very small percentage of such 
seedlings have superior fruit, less than 8 per cent being numbered 
for study. The long keeping selections of promise do not exceed a 
dozen. The percentage of superior seedlings may be higher in 
controlled crosses, but it is probable that with some parents it would 
not be. (d) There is a great range in hardiness, shown by the degree 
of browning in the wood. Some of the seedlings are hardier than the 
standard varieties commonly grown in Minnesota, In fact, from 
external appearance only a few trees in the entire plot showed any 
injury after the winter of 1917-18. Some of the better fruited seed¬ 
lings were also among the hardiest, (e) Finally, it should be em¬ 
phasized again that these seedlings came from open-pollinated seed 
taken from an orchard in which some of our better varieties were 
growing. What is the source, then, of so many wild and inferior 
types? These seedlings, with but very few exceptions, would all 
come within a single species, Pyrus mahis. It woiild appear from this 
that genetically the best varieties of this species are heterozygous 
for a large number of characters. Suppose these same 'Varieties are 
used in making controlled crosses? It would be safe to predict that 
a comparable number of wild and inferior types would be found 
among them. From this standpoint it would appear that our named 
varieties are only rare or extreme variations within the species and 
that unless certain ones vary in the proportion of inferior types in 
the progeny, these open pollinated seedlings give a fair index as to 
the expectations in the Fi of inter-varietal combinations. 


Report of Three Years’ Resiilts in Plum Pollination in. 

Oregon*^ 

By Roy E. Marshall, Experiment Station, Blacksburg, Virginia 

In a brief report of this nature, it is only possible to give a general 
summary of the.results. The methods used in collecting, forcing, 
germinating and applying the pollen, emasculating the flowers and 
recording the results, were practically the same as those recommended 
by Fletcher, Sandsten, Lewis, Gardner and Kraus. 

A solution of five per cent cane sugar and two per cent gelatin 
was found to be the most satisfactory media in which to germinate 
pollen of plum varieties. The germination tests of the pollen of 
the varieties of Prunus domestica showed that the pollen was, gener¬ 
ally speaking, satisfactoty for use. A comparatively low percentage 
of the pollen of the varieties of Prunus triflora germinated^ but it is- 
believed that sufficient pollen of these varieties was used to insure 
fertilization provided other factors were favorable. 

*This work was done by the writer while he was connected with the Orqgpa 
Agricultural College. 
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Determination of Normal Set of Fruit for the Plum 

The results obtained in determining the normal set of fruit under 
open orchard conditions, indicate that one flower in five should mature 
a fruit to insure a full crop of the varieties considered. However, 
there seems to be a great variety variation; some varieties would 
seem to bear a full crop when only one flower in twenty sets fruit, while 
in some cases it appears that one of every two or three should mature 
a fruit. 

To What Extent are Varieties of Plums Self-fruitful 

The term self-fertility has been rather loosely applied in two 
distinct senses during the past twenty years; one in a wide sense 
meaning the production of a fruit or fleshy pericarp, which may or 
may not contain a seed, and in a restricted sense meaning the produc¬ 
tion of a viable seed. It has recently been proposed that the term 
suitable for the former class is self-fruitful rather than self-fertile, 
and that the term self-fertile be restricted to those cases where viable 
seed is produced. Self-sterile, then, would mean that a variety 
would not be capable of producing a viable seed when self-pollinated. 

Table I. Results of Self-pollination of Plums 


Variety 


Location 


No. 

flowers 

bagged 


Per cent mature fruits 


1914 


1915 * 


1916 








0 





















Ave. 


Per cent 
fruits 
contain¬ 
ing nor¬ 
mal seeda 
1914 - 
1915 


Bavay. 

Blue Damson. 

Burbank. 

Clyman . 

Giant. 

Golden. 

Golden Drop. 

Golden Drop. 

Green Gage. 

Italian ..... 

Italian. 

Miracle . 

Myrobalan . 

Peach 

Petite. 

Petite. 

Pond . 

Pond . 

Quackenboss. 

Red Magnum Bonum 

Satsuma. 

Sergeant.. 

Simon. 

Sugar. 

Sultana . 

Tnagedy. 

Wickson. 


Corvallis 

<< 

44 
4 4 

Riddle 

Corvallis 


Riddle 

Corvallis 


Riddle 

Corvallis 

4i 

Riddle 

Corvallis 


217 
173 
530 
311 
262 
173 
600 

1443 

320 
2633 

684 

231 

122 

183 

623 

166 

212 

300 

278 

385 

1122 

196 

321 

218 
1110 

288 

554 


0.0 

42.4 

0.0 

0.0 

1.7 

5.2 

0.0 


4.9 

0.0 

0.0 

0.0 

0.0 

llT 

2.3 

0.0 

0.0 

0.0 


0.0 

30.0 

0.0 

0.0 

0.0 


0.0 

0.0 

3.0 

0.0 

0.0 

0.0 

0.6 

0.0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


0.0 

37.5 

0.0 

0.0 

0.4 

5.2 
0.0 
0.0 

1.9 
3.1 

8.3 
0.0 
0.0 
0.0 

4.9 
0.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.8 

2.3 
0.0 
0,0 
0.0 


25.0 


0.0 

100.0 


33.3 

95.7 


100.0 


mjo 


*Resulti of 1916 inconclusive bccauee of hard frost May 1st. 
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It is readily seen that a variety may be both self-fruitful and self- 
fertile, or self-fruitful and self-sterile, and these are conditions that 
actually exist in our pollination work. In case no fruits are produced, 
the variety may be said to be self-barren. 

The results as shown in Table I indicate that of the 23 varieties 
tested, 13 are self-barren. However, where the results for 1915 
alone are given, these should not be interpreted as conclusive because 
a hard frost on May 1st caused a heavy dropping of fruit. The 
varieties of Prunus triflora are evidently practically self-barren. 
The European varieties which did not mature fruits were Bavay, 
Golden Drop, Peach, Pond (Hendrickson found this variety to be 
self-fruitful), Quackenboss and Red Magnum Bonum. It is probable 
that if larger numbers of flowers had been sacked^for self-pollination 
and during several years, the results would differ. Golden Drop 
(vSilver Prune) is of chief concern because of its commercial importance 
in the Pacific Northwest. Observations in orchards of this variety 
substantiate these results. 

Blue Damson is the only decidedly self-fruitful variety in the list, 
the set resulting in an estimated full crop of fruit. Giant, Golden, 
Green Gage, Italian, Petite, Simon, and Sugar (later observations 
have indicated that this tree is Petite rather than Sugar) are partially 
self-fruitful. The self-pollinated Italian flowers resulted in about 
22 per cent of a crop, the Petite about 33 per cent and the Sugar 
about 10 per cent. The self-pollination work with Italian at Riddle* 
in 1914 resulted in an estimated crop of 68 per cent. 

To What Extent are Varieties of Prunus Domestica Inter- 

fruitful 

Theresults shown in Table II for 1914may be regarded as significant 
for all varieties except Italian. The crop of this variety was much 
reduced in 1914 by a prolonged period of cold, rainy weather at the 
zenith of the blooming season. Other varieties bloomed at such 
times as enabled them to escape serious injury that year. The 
frost of May 1st, 1915, affected all varieties and a heavy dropping 
of fruit followed. However, the apparent set, at that time, indicated 
results similar to those of the other seasons. All factors considered, 
1916 was a much more favorable season, but the work was largely 
confined to crosses in which Italian was either the seed parent or 
pollen parent. 

In view of the results obtained in cross-pollinating varieties of 
European plums, it seems evident that satisfactory crops should 
result if any of the common varieties are planted together. There 
are a few cases where no fruits of the cross matured, but further 
investigation would probably x^rove these crosses to be as satis¬ 
factory as the average. The variation in the percentage of flowers 
resulting ii; mature fruits is probably not greater than might reason¬ 
ably be expected considering the number of cross-pollinations made 
and the varied climatic factors of the three years. 

Italian set a larger percentage of fruits from self-pollination than 

*Work. was conducted in a commercial prune orchard at Riddle, Oregon in 
1914 as well as at Corvallis. 
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from cross-pollination in both 1914 and 1915; in fact, Green Gage 
pollen was the only kind that gave a higher percentage of set than 
was obtained in a self-pollination or under open field conditions. 
Both years were unsatisfactory for yields of this variety. In 1916, 
pollen of Clyman, Pond, Red Magnum Bonum and Tragedy each 
gave estimated crops of over 100 per cent. Italian pollen has given 
the highest percentage of mature fruits on all varieties tested except 
two, and Petite seems to be the second best pollenizer. 

Since Golden Drop ranks third in commercial importance in the 
Pacific Northwest, and is evidently self-barren, the question of a 
suitable pollenizer arises. Very good results were obtained with 
all varieties of pollen used; Italian pollen resulted in 200 per cent 
of an estimated full crop, Petite 250 per cent, Pond 200 per cent, 
Bavay 190 per cent, and Tragedy 125 per cent Evidently Golden 
Drop may be int^planted with Italian, Petite, Pond and possibly 
other varieties, as it has also given satisfactory results as a pollenizer 
for these varieties. 

Table II. Results of Cross-Pollination with Varieties op 

Prunus Domestica 


Cross 


Location 


Bavay X Italian . . . 
Bradshaw X Italian . 
Clyman X Italian . 
German X Italian . 

Giant X Italian. 

Golden Drop X Bavay 
“ X Italian 

“ “ X Italian 

“ “ X Petite 

“ “ X Petite 

“ “X Tragedy 

XPond 
Green Gage X Bavay 
“ “ Xltalianj 

X Petite 

Imperial Epineuse X 

Italian. 

Imperial Epineiise X 
Petite. I 


Corvallis 


Riddle 

Corvallis 

Riddle 

Corvallis 

Riddle 

Corvallis 

i 4 


Italian X Bavay. 

“ X Bavay. 

“ X Bradshaw .. 
“ X Bradshaw .. 
“ X Bulgarian... 
“ XClyman.... 
X Clyman.... 
X German .... 

X Giant. 

X Giant. 

XGolden .... 
** X Golden Drop 


Riddle 

Corvallis 

Riddle 

Corvallis 

n 


Riddle 

Corvallis 

4 I 

Riddle 

Corvallis 


No 


Per cent mature fruits 


jpolhna- 
I tions 


made 


1914 


1015* 


1916 


! 400 
i 108 
184 
I 164 
j 491 
I 129 
i 202 


6.6 


3.0 

7.8 

13.2 


0,0 

0.0 


0.0 

8.3 


6.5 

2.6 
10.0 


238 


4.6 


I 170 
; 235 
1 137 
I 96 
: 82 
i 191 
i 140 


12.3 


8.3 

0.0 

3.6 

3.6 


8.9 

5.1 


A%e. 


4.2 
0.0 
2.6 
0.0 
7.9 

7.8 

13.2 

4.6 

12.3 

8.9 
5.1 

8.3 

0.0 

3.6 
3.6 


516 

! 5.8 

0.0 

26 

OO 

0.0 

84 

1 OO 

0.0 

403 

! - 

15.1 

100 

0.0 


416 


OO 

205 

0.0 


548 

OO 

8,8 

116 

1.7 


208 

—^— 

OO 

493 

0.0 

OO 

104 

1.9 


m 

0.0 


635 

1.5 

3.6 


0.0 I 


1.0 


7.8 

14.6 
25.2 

10.6 
11,0 


0.0 

0.0 

11.1 

0.0 

7.2 

0.0 

12.3 

1.7 

OO 

3.2 
1.9 
OO 
5,5 


*Result« for 1915 incottcluftive l)ccau8e of a hard frost on May 1st. 


Per cent 
fruits 
contain- 
insr nor* 
mal seeda 
1914- 
1915 


33.3 


1 90.0 
j 97.3 

: 85.7 

1 100.0 
; 100.0 

88.8 
1 lOOO 

100.0 


100,0 


950 


lOOO 

lOOO 













Table II —Continued 




Per cent mature fruits 

Location 

No. 

pollina¬ 

tion 

made 

1914 

1916* 

191 

Ave. 


Italian X Golden Drop! Riddle ! 205 0.5 i - 

“ X Green Gage Corvallis , 606 4,5 i 4.4 

X Green Gage Riddle 196 2.0 |- 

X Imperial ; i --i- 

Epineuse . .. Corvallis , 615 0.0 | 0.8 

X Peach . “ | 348 0.5 I - 

“ X Peach . Riddle , 188 i 1.0- 

“ X Petite “ 209 : 0.4 :- 

“ X Petite . Corvallis 976 , 0.3 , 2.4 

“ XPond. Corvallis 564 ! 1.1 i 0.4 

“ XPond. Riddle | 177 I 2.2 ;- 

XQuackenboss Corvallis i 211 |-1 1.4 

“ X Red Mag- 1 

numBonum. “ 568 1 1.8 i 3.3 

“ X Red Mag. ! 

numBonum. Riddle 164 ! 3.0 j - 

X Roberts .... Corvallis 250 0.4 i - 

X Sugar . “ 378 0.5 i- 

“ X Tennant ... “ 628 1.0 ; 2.4 

“ X Tragedy . . Riddle 237 0.0 |- 

X Tragedy ... Corvallis 391 ! - , 10.0 

Peach X Italian ... “ 304 ‘ 0.0 

Petite X Bavay . . . Riddle 176 3.9 - 

“ XClyman .... “ 190 8.4 - 

“ X Giant . 102 6.8 - 

Golden Drop .. “ 377 5.5 - 

“ X Green Gage . “ 139 10.7- 

“ X Imperial 

Epineuse .... “ 152 13.1- 

“ X Italian . “ 403 7.1 - 

“ X Italian . Corvallis 348 2.9 

" X Peach. Riddle 170 3.5 - 

“ X Pond. “ 214 10.7 - 

‘‘ X Red Magnum - -- 

Bonum.:_ “ 208 9.6 - 

“ X Roberts - “ 127 14.1 - 

“ X Sugar . Corvallis 157 10.2- 

'' X Tragedy .... Riddle 131 11.4- 

Pond X Giant. Corvallis 100 3.0 - 

“ X Golden Drop “ 173-0.0 

“ X Golden Drop . Riddle 116 8.6 - 

“ X Italian .... “ 212 18.8- 

X Italian. Corvallis 422 0.0 

“ X Petite'- . Riddle 109 14.6- 

Quackenboss X Italian Corvallis 369 5.0 - 

Quackenboss X Petite '' 209 6.7 - 

Red Magnum Bonum 

X Golden Drop- “ 223 5.2 0.0 

Red Magnum Bonum 

X Italian. 415 16.0 0.0 

Sergeant X Italian... . “ 177 0.0 - 

Sugar X Golden Drop “ 193 0.5 - 

“ X Italian. “ 455 —12.3 - 

X Petite . “ 201 2.9 - 

Tennant X Golden 

Drop .... “ 93 0.0 0.0 

“ X Italian... “ 550 12.5 0.0 

“ X Petite.,.. “ 120 0.8 - 

Tragedy X Italian . .. “ 347 17.2 0.0 

__X Petite . _1 .7 0.0 

♦Result# for 1015 incoticlusive beoauBe of a h-'H fron May Ist. 


205 0.5 i - - 

606 4,5 . 4.4 6.4 

196 2.0 I-- 


Corvallis 


Corvallis 

Corvallis 

Riddle 

Corvallis 


Riddle 

Corvallis 


Riddle 

Corvallis 


615 0.0 j 0.8 8.9 

348 I 0.5 I - 8.3 

188 ! 1.0-- 

209 : 0.4 :-- 

976 , 0.3 2.4 12.3 

564 ; 1.1 i 0.4 25.7 

177 2.2 -- 


568 I 1.8 1 3.3 21.8 

( . 

164 I 3.0 j - - 

250 0.4 i - - 

378 0.5 i- 7.6 

628 1.0 2.4 7.5 

237 0.0 I-- 

391 ! - 10.0 21.3 

304 -! 0.0 4.7 

176 3.9 i-- 

190 8.4 -- 

102 6.8 -- 

377 5.5 -- 

139 10.7-- 


Corvallis 

Riddle 


Corvallis 

Riddle 

Corvallis 


Corvallis 

Riddle 

Corvallis 


152 13.1 

403 7.1 


Per cent 
fruits 
contain¬ 
ing nor- 
maf seeds 
1914- 
1915 


0.5 - 

5.1 94.4 

2.0 - 


348 - 

170 3.5 

214 10.7 

208 9.6 

127 14.1 

157 10.2 

131 11.4 

100 3.0 

173- 

116 8.6 
212 18.8 

422 - 

109 14.6 

369 5.0 

209 6.7 


223 5.2 0.0 


- 2.9 I 4.0 


177 0.0 

193 0.5 

455 12.3 

201 2.9 

93 0.0 

550 12.5 

120 0.8 


100.0 
100.0 
75.0 
I 93.7 
j 100.0 

j 78.0 
100.0 


0.0 

8.2 

4.0 

— 

— 

14.6 

— 

2.0 

3.0 

— 

— 

6.7 

0.0 

— 

4.3 

0.0 

5.7 

8.1 

— 

— 

0.0 



0.5 


6.3 

9.0 

— 

— 

2.9 

0.0 


0.0 

0.0 

0.0 

4.4 


— 

0.8 

0.0 

0.0 

6.9 

0.0 

— 

1.7 
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What Relation Exists Between Fruitfulness and Fertility 

OF Plum Varieties 

A study of the last columns of Tables I and II shows that the 
varieties of Prunus domestica may be divided into two rather distinct 
groups; one, in which practically eveiy mature fruit contains a 
nomaal or apparently viable seed, or, in other words, is fertile to 
practically the same degree that it is fruitful, and another group 
in which only a part of the mature fruits contains well developed 
“Seeds. Fruits of those varieties in the first group, including Italian, 
Petite, Golden Drop and Sugar, must evidently contain a viable 
seed in order to insure complete development of the plum. Ap¬ 
parently, the fruit ceases development and falls to the ground soon 
after the seed dies or ceases development. It is noticed that from 
^)4 to 100 per cent of the mature Italian, 75 to 100 per cent of the 
Petite, 85 per cent of the Golden Drop and 80 to 96 per cent of 
the Sugar fruits, contained well developed seeds. 

As further evidence, 131 Italian drops’' were gathered at random 
in late summer and only 6.1 per cent contained well developed 
seeds. Again, 209 Italian prunes were purchased at a local grocery 
store and 98.8 per cent of them contained apparently viable seeds. 

In the second group, which contained such varieties as Bavay, 
Blue Damson, Giant, Green Gage, Pond, Quackenboss, Red Magnum, 
Bonum, Tennant and Tragedy, the fruits seemed to reach maturity 
-even if the seeds did not continue to full development. The kind of 
pollen used seems to have had little bearing upon the relationship 
of fruit production to seed production, as the percentage of seeds 
developed in any variety seems to be rather constant regardless of 
the kind of pollen used. 

These results indicate that var}4ng degrees of stimulus may be 
given to the ovule in fertilization, and if that stimulus is not sufficient 
to push the seed to full development the fruit will drop in certain 
varieties, while in others the fruit may continue development, 
provided it has passed a certain state known as the “June drop”. 

Inter Species Pollination 

Waugh worked with a number of species of plums and says 
that although he did not work with the varieties of Prunus domestica, 
there was reliable evidence to show that they could not be effectually 
pollinated with pollen of Japanese or native varieties. He found 
most other species inter-fertile. 

There are evidently few hybrids containing blood of Prunus 
domestica which is indicative of the difficulty in seairing effective 
inter-species pollination. The hybrids mentioned by Hedrick 
in The Plums of New York are: Alhambra, Burbank No. 7, Bur¬ 
bank No. 11, Miracle, Pennock, Red Glass, Red Glass Junior, 
Reine des Mirabelles and Victor Sand Cherry. Only 3 contain 
Prunus triflora blood. Prunus domestica was evidently not the 
seed parent in aiiy case. 

Table III shows the results of inter-species cross-pollination. 
Miracle, a hybrid of Prunus insititia and Prunus domestica, resulted 
in a few fruits both as a seed and pollen parent. Comparati\’ely 
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few cross-pollinations were made, but these are enough to indicate 
that Prunus domestica cannot be relied upon to pollinate the self¬ 
barren Prunus triflora varieties and vice versa. Of the 2,340 polli¬ 
nations made involving varieties of the 2 species, Prunus domestica 
and Prunus triflora, not one fruit resulted. 

Table III. Results of Inter-species Pollination with Plums 


Variety Cross 

Species Cross 

No. 

I>olH- 

na- 

tions 

made 

Per cent mature fruits 

1914 

191.“’" 

1916 

Aver¬ 

age 

Burbank X Italian. 

triflora X domestica .. 

194 

0.0 

0 

___ 

0.0 

Blue Damson ,X Imperial 







Epineusa. 

institia X domestica .. 

84 

0.0 

0 


0.0 

Golden Drop X Miracle 

domestica X . 

— 


— 




(insititia X domestica) . 

157 

— 

7 


7.0 

Italian X Blue Damson 

domestica X insititia . , 

80 


0 


0.0 

“ X Burbank . 

domestica X triflora. . . 

155. 

0.0 

— 

— 

0.0 

“ X Chaleo 

domestica X tnflora . . . 

125 

— 

0 

— 

0.0 

X Miracle . 

domestica X 




— 



(insititia X domestica) . 

751 

0.6 

0 

12.7 

4.0 

" X? 

domestica X pissardi .. 

55 

0.0 



0.0 

“ X Pottawattamie . . 

“ X munsoniana 

07 


0 


0.0 

“ X Satsuma 

iriflora. 

407 

0.0 

0 

— 

0.0 

X Simon 

“ simonii ... 

1.5.5 

0.0 

0 

— 

0.0 

“ X Sultana . . 

“ triflora . . 

184 

0 0 

0 

— 

0.0 

“ XWickson . . i 

“ X 







(triflora X simonii) . 

117 

— 

0 


0.0 

“ X Wyant . . 

domestica X americana 

87 1 


0 


0.0 

Miracle X Golden Drop . 

i (insititia X domestica 

— 

— 

— 

—, 

— 


X domestica . . . 

204 

. — 

0 


0,0 

Miracle X Italian ... 

(insititia X domestica) 


— 



— 


X domestica . 

380 


0 

0.0 

0.3 

MjTobalan X Italian 

cerasifera X domestica 

78 

— 

0 

— 

0.0 

Satsuma X Italian . 

triflora X domestica 

380 

0.0 

0 

— 

0.0 

“ X vSimon 

“ X simonii 

135 


0 


0.0 

“ XWickson. . 

X 







(triflora X simonii) 

144 

_ 

0 


0-0 

Simon X Golden Drop 

simonii X domcsti(‘a . . 

13 

0.0 


— 

0.0 

“ X Italian . 

X 

10.3 

— 

0 


0.0 

Sultana X Golden Drop. 

triflora X domestica 

107 

— 

0 

— 

0.0 

“ X Italian 

“X 

302 

0.0 

0 


0.0 

'' XWickson .. . 

“ X “ 







(triflora X simonii) 

83 


0 

- — 

0.0 

Wickson X Satsuma . 

(triflora X simonii) . 

— 


— 

— 



X triflora . 

175 

— 

0 


0.0 

Wickson X Golden Drop . 

(triflora X simonii) 


— 

— 

— 



X doriiestica . 

20 

0.0 

— 

' — 

0.0 


*Results for 1915 inconclusive because of a hard frost on May 1st. 


Summary 

1. Pollen of the varieties of Prunus domestica and Prunus 
triflora seems to germinate best in a solution of 3 per cent cane sugar 
and 2 per cent gelatin. 

2. If there is a normal bloom and 1 flower in 20 matures into a 
fruit, the result may be a full crop in some cases, while in some others 








Plate I. Used by courtesy of Oregon 
Agricultural College Experiment Station 






Plate II. Used b3" courtesy of Oregon 
Agricultural College Experiment Station 
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1 in every 2 or 3 should set to mature a full crop. Generally speaking. 
1 flower in 5 should set. 

3. Thirteen of the 23 varieties tested are evidently self-barren. 
Blue Damson is decidedly self-fruitful. Italian and Petite are 
partially self-fruitful. The other varieties should be considered 
virtually fcommCTdally) self-barren. 

4. The varieties of Prunus domestica may be considered as 
inter-fruitful. 

5. Italian and Petite are each good pollenizers for practically 
all varieties of Prunus domestica tested. 

6. It is not necessary that one be particular as to which of the 
varieties of Prunus domestica commonly grown in the Pacific North¬ 
west are planted together, provided they bloom at approximately 
the same time. .Some varieties are actually (commercially) profit¬ 
able where no pollenizers are used. 

7. In such varieties as Italian, Petite, Sugar and Golden Drop, 
the pericari) ceases development soon after the seed dies and the 
fruit soon falls. 

8. In such varieties as Bavay, Blue Damson, Giant, Green Gage, 
Pond, Quackenboss, Red Magnuih Bonum, Tennant and Tragedy, 
the fruit may mature regardless of complete seed development. 

9. For the varieties tested, there is no direct relation between the 
variety of pollen used and the ratio which exists between plump or 
well developed seeds and matured fmits. This ratio is fairly constant 
for the variety regardless of the kind of pollen applied. 

10. There is evidently no relation existing between the degree 
of fruitfulness of reciprocal crosses. 

11. The results obtained would indicate that the results are the 
same whether the varieties of a given species are closely related or 
non-related. 

12. The species of Prunus domestica and Prunus triflora may 
be considered inter-sterile for all practical purposes. 

EXPLANATION OF PLATES 
Plate I 

Fig. 1—Typical Italian “June Drop” picked from the ground 
beneath a self-pollinated part of an Italian prune tree in August. 

Fig. 2—Aborted seeds taken from the Italian “June Drops” 
shown in figure 4. 

Fig. 3—Seeds from mature self-i)ollinated Italian prunes. Prac¬ 
tically every fruit which reached matmity contained an apparently 
viable seed. 

Plate II 

Fig. 4—Seeds from the mature fruits of the Tennant x Italian 
cross. Only two of the twenty-six fruits which reached maturity 
contained apparently viable seeds. ^ . 

Fig. 5—Seeds from the Tragedy x Italian cross. Over sixty pa: 
cent of the mature fruits contained apparently normal se^s. 

Fig. 6—Seeds from the fruits of the Quackenboss x Petite crois. 
About forty per cent of these fruits contained well developed seeds. 
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Inter Species Pollination of Plums 

By A. H. Hendrickson, University of California, Berkeley, California 

'T'HE data given in this paper are Concerned with the inter-pollina- 
* tion of two varieties of Prunus domestica; and one variety 
each of Prunus triflora and Prunus insititia. They were obtained 
during the spring of 1919 in the orchard of the Pomology Department, 
Cornell University, Ithaca, New York. 

During the spring of 1917 the set of Burbank plums (P. triflora) 
in the above orchard seemed to have been aided by the proximity 
of a row of the Reine Claude (P. domestica) variety. According 
to the observations of Dr. W. H. Chandler, the weather was cold 
and rainy and decidedly unfavorable for pollination by bees or 
other insects. At the time of blossoming, however, there was a 
continuous strong wind blowing from the Reine Claude toward the 
Burbank. As the season advanced the set of fruit on the Burbank 
was seen to be heavier on the side of the tree next to the Reine Claude, 
than on the farther side. This fact at once suggested that one 
species has been pollinated by the other. 

Search through the literature disclosed no convincing data on 
the subject of inter species pollination of plums. A number of 
writers, however, have expressed their opinions on the question. 
Waugh stated that “Triflora plums are readily pollinated by varieties 
of most any other group. The least affinity seems to exist between 
them and the Domestica varieties”. Fletcher reported that Silver 
Prunes were aided in setting regular crops by being interplanted with 
Satsuma, a Japanese variety. No data, however, were given, nor 
was there any authority quoted for the statement. The same 
writer reported that the following inter species crosses were success¬ 
ful: Abundance X Grand Duke, Georgeson x Wayland, Satsuma x 
Golden Drop, Berkman x Golden Drop. 

Price in 1905 stated that Domesticas cross with difficulty with 
other species of this fruit; but that Japanese and native sorts cross- 
pollinate readily. He gave no data. More recently Marshall in 
an unpublished paper has presented data to show that domestica 
and triflora plums tend to be inter-sterile. 

The writer while doing graduate work at Cornell University 
had the opportunity of making a preliminary investigation on the 
question, using several commerci^ varieties of plums grown in 
that section. The weather preceding blossoming was unseasonably 
cold and on three successive nights late in April the temperature 
w'ent dow'n. to 24®F. The blossoms on most varieties, at that time, 
were showing white. The amount of frost injury was so great that 
it was possible to secure sufficient blossoms for experimental work 
only on four varieties. The varieties used were: Burbank (P. 
triflora), Reine Claude (P. domestica), German Prune (P. domestica), 
and Shropshire (P. insititia). 
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The methods of gathering and testing pollen and manipulating 
the flowers were the same as ordinarily employed by workers on 
pollination problems. The resulting fruits were counted twice 
during the season. Only four varieties were used, but the number of 
blossoms of each was large enough to make the results fairly reliable. 
The following table gives the results; 

Table I 


Percentage of fruit set under open orchard conditions, when self-poUineUed and 
when cross-pdUinated. Cornell University, ipig 


Variety and Treatment 

Date of 
emascu* 
iation 

Date of 
polli¬ 
nation 

No. of 
blos¬ 
soms 
count'd 

No. of 
fruits 
appar¬ 
ently 
set 

May 28 

Per 

cent. 

No. of 
blooms 
second 
count 

No. of 
fruits 
second 
count 
June 
12 

Per 

cent. 

Burbank 





1 




Normal set. 

— 

5-11 

2281 

115 

5.0 

2281 

28 

1.2 

xSelf. 

5-6 

5-6 

150 

18 

12.0 

150 

0 

0 

X Reine Claude .... 

5-4 

i 5-4 

316 

26 

8.2 , 

316 

17 

5.4 

Retne Claude 









Normal set. 

— 

5-13 

3505 

2116 

60.3 

3505 

249 

7.1 

xself. 

5-5 

5^5 

312 

274 

87.8 

312 

40 

12.8 

X Burbank . 

5-5 

5-8 

322 

272 

84.4 

322 

2 

0.6 

x German. 

5-5 

5-6 

487 

413 

84.8 

488 

66 

13.8 

German 









Mnrmal cpf. 

- 

5-13 

5-11 

3298 

426 

1675 

315 

50.7 

73.9 

3496 

426 

701 

0 

20.0 

0 

X Self. 

5-8 

X Shropshire. 

5-8 

5-11 

396 

318 

80.3 

396 

117 

29.6 

X Reine Claude ... . 

5-8 

5-10 

354 

272 

76.8 

354 

168 

47.4 

Shropshire 









Normal set. 

— 

5-13 

3591 

1714 

47.7 

3591 

211 

1 5.8 

X Self. 

5-8 

5-11 

599 

64 

10.6 

599 

12 

2.0 

X German. 

5-7 

5-9 

433 

79 

18.2 

433 

59 

13.6 

X Reine Claude .... 

5-6 

1 

5-9 

381 

60 

15.7 

381 

46 

12.0 


The results on the whole were decisive. The varieties -were 
either self-sterile or self-fertile. Except in one case the results of 
cross pollination were clear cut, and no evidence of inter-sterility 
between species was found. 

Burbank gave a rather low percentage of set when the flowers 
were left open to insect pollination. This fact may be accounted for 
by the cold rainy weather which prevailed while this variety was in 
blossom, and also by the large percentage of injured pistils. When 
selfed, it proved to be self-sterile. When crossed with Reine Claude, 
the set was four and one-half times as large as that obtained from 
insect pollination. Clearly, there was no sterility between European 
and Japanese species in this particular case. . 

Reine Claude set 7.1 per cent under open orchard conditions 
and 12.8 per cent when self-pollinated. Crossed with the German 
Prune the set was 13.8 per cent. "When crossed with the Burbank 
the set was 0.6 per cent. The low set may have been due to the poor 
quality of the Burbank pollen used. It was almost impossible dtfring 
the entire season to secure pollen of this variety of sufficiently high 
germinating power to justify its use. 
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German Prune set 20 per cent when pollinated by natural means, 
but no fruits resulted when self-pollinated. Thus from one year's 
data it would appear to be self-sterile. Crossed with Reine Claude 
it set 47.4 per cent. When pollinated with Shropshire (P. insititia) 
the set was 29.6 per cent showing clearly there was no sterility 
between these two varieties of P. domestica and P. insititia. 

Shropshire Damson set 5.8 per cent when pollinated by natural 
means, and 2.0 per cent when selfed. Crossed with German Prune 
the set was 13.6 per cent and with Reine Claude it gave 12 per cent. 
Clearly no sterility existed between the Shropshire and these two 
domestica varieties. 


Conclusions 

Burbank and German gave evidence of being self-sterile. 

Reine Claude and Shropshire gave evidence of being self-fertile. 
Burbank and Reine Claude are apparently inter-fertile. 

Reine Claude, German Prune and Shropshire are likewise inter- 
fertile. 

From these data it is evident that, as far as the varieties tested 
are concerned, there is no sterility existing between P. triflora and 
P. domestica or between P. domestica and P, insititia. 
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Experiences in Plant Hybridization 

By N. Hess, Experiment Station, College Station, Texas 

INVOLUTION is no longer a theory, it is an accepted fact. The 
^ various modes by which it has proceeded and still is proceeding, 
are, however, open to debate, and yet pregnant with discoveries for 
the investigator. Furthermore, we have ceased to look upon evolu¬ 
tion of organic beings as merely a airious phenomena, but rather as 
the chief formative factor in the creation, based on principles that 
may become of the greatest practical use to us, when properly tmder- 
stood. 

After having pondered over the causes of the multiplicity of forms 
of our domesticated animals and plants for about two generations, 
we have now come to recognize the fact that man himself has for a 
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long time unconsciously been a promoter of evolution, as well as its 
beneficiary. 

The principle, that like begets like, with more or less variation, 
has always b^n acted upon since man ceased to live as a beast. 
Up to the time of Darwin, the simple, evident, and every day facts, 
which have given rise to the idea of evolution, passed unnoticed. 
The various factors involved in the organic evolution have, however, 
since that time become a most popular and fascinating subject for 
study to all naturalists. During a time of barely two generations, 
Darwin having given the impulse, a huge mass of facts bearing on the 
evolution has been brought to light; and still the subject seems 
pregnant with revelations for the investigator. 

Of all the fields pertaining to evolution, the one that seems 
to be the least cultivated is hybridism. This is due to the fact 
that for a long time, it was looked upon as a factor of lesser impor¬ 
tance. In truth, it was thought that hybrids, on an average, fail to 
produce progeny, or that this progeny through recrossing soon goes 
back to one of the original parent forms, and thus becomes lost to our 
observation. Through the more thorough scrutiny of recent years, 
this has been found to be a misconception. Kermer von Marilaun 
gives in his work upon “Plant Life” under the chapter “Das Entsehen 
Neuer Arten” a long list of species, hybrids that behave like true 
species, many of them occurring in regions where the parent forms are 
less common than the hybrids themselves, thereby showing that the 
latter have a different adaptation from that of the former. 

In examining the literature on plant genetics, which is altogether 
a modern science, one is struck by the fact that very few artificially 
])roduced hybrids are referred to as examples; that most of those 
referred to are from natural hybrids; that the various authors on 
the subject are given to the repetition of identical examples; and that 
many of these examples are so old as to appear somewhat stale in a 
modem work. This is undoubtedly due to the fact that there has 
been a good deal more of writing upon, and interpretation of, old 
cases, than the production of new ones. 


Hybridism in Horticulture 

It is especially in floriculture that hybridism has been employed, 
and nearly altogkher for the purpose of obtaining monstrous novel¬ 
ties. The fact that the floral organs of hybrids were apt to be mon¬ 
strosities was soon discovered, and so diligently acted on by the 
florists that nearly all of our most popular ornamental flowers are due 
to hybridization. We have only to recall the forms of begonia, 
canna, gladiolus, dianthus, pansies, and a host of others too numerous 
to mention, many of which come in a large percentage fairly true 
from seed 

The florists, as a general thing, have produced their hybrids not as 
students of genetics, but merely for the purpose of the trade, hen^ 
they rarely kept rcTOrds of their procedures, and m many cases the 
male parent was not even known, being merely due to chance, for 
which they multipHed the opportunities. 
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In Other lines of horticulture, hybridization has been performed 
in the Same random way. The reason for this is easily found, when 
we remember that methodical hybridization is slow and very uncertain 
for the beginner who has to feel his way through, and who is apt to lose 
time by unforeseen mistakes that cannot be remedied until the recur¬ 
rence of another season. Hence, years are apt to pass before the 
hybridizer has received any satisfaction from his work, or pay for it, 
if he be in need of pay. 

With the workers in our experiment stations and agricultural 
colleges, this encumberance is absent, since their income does not 
depend on the immediate proceeds from their experiments. Plant 
breeding can, therefore, be performed by them both for economic 
and scientific purposes with much more deliberation and care; and 
the breeder need not be driven from his work through the lack of his 
daily bread. 

There is no doubt but what the employment of plant breeding is 
one of the most fertile fields in which the workers of our experiment 
stations can be engaged. If the evolution of our domesticated plants 
has proceeded so far under the guidance of an almost unconscious 
care, what may we not expect when this care becomes both inten¬ 
tional and scientific? 

The purposes for which plants may be improved by breeding are 
infinite in number. New ones are constantly arising, and they differ 
for the different regions. 


Personal Experiences 

My own experiments in hybridization are confined to two genera, 
namely, Rubus and Quercus. 

The work with the first which has for its object the amelioration 
of our cultivated blackberries and dewberries as a breeding project 
under the Adams Fund, was transmitted to me by my predecessor as 
horticulturist of the Texas Experiment Station. The materials on 
hand in 1909, when I took charge, consisted jof about a dozen varieties 
of blackberries and dewberries most commonly cultivated in our 
region. To the.se I added a few varieties of raspberries for the sake 
of pollen, although as fruit bearers, they are not dependable upon our 
grounds. 

In looking the material oyer, I decided to begin the work by 
crossing those forms that showed the most opposed differences in 
characters, hoping, thereby, that the elements in the composition of 
the progeny might be more easily recognized and studied. As a 
second part of the project, I decid^ to grow as many seedlings from 
each variety as possible with a view of studying their variation and 
the opportunity for selection. 

From the McDonald Blackberry, a native of Texas, introduced 
into cultivation by the Texas Nursery Company, 2,000 seedlings 
were brought into bearing. This variety has a diffuse, spiny growth, 
opposed to be a natural hybrid. The 2,000 seedlings fell readily 
into several more or less distinct groups, one of which was marked 
by its firm, almost coriaceous, smooth, lusterous leaves of three to five 
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ovate-lanceolate, nearly entire-margined leaflets. In this group two 
plants occurred with perfectly smooth shoots, and as free from spines 
as an ordinary blade of grass. According to the graieral habit of 
growth of these two plants they are designated as spineless-diffuse 
and spineless-CTect. From the diffuse form I have grown four genera¬ 
tions of seedlings; and though cross-pollination with other forms 
was provided against, it is only in the first generation that the majority 
of the progeny in each generation comes spineless and remarkably 
true to the original sport in all other characters. My notes on the 
characters of the fourth generation give the following grouping of 200 
young plants: 81 perfectly smooth with all characters of original 
sport; 59 not smooth, with spines more or less evident, but otherwise 
t5T3ical; 60 plants not smooth and of a different t 5 ^e. 

The plants of the spineless group were readily recognized in their 
very early youth by their first leaf-form, which was cordate, or 
cordate-lanceolate with entire, or crenulate margins, so similar to 
certain types of violets that, at that age, they might have been passed 
off on the unsuspecting as violets. 

In crossing the spineless-erect with the Early Harvest, two plants 
were obtained as a first generation. The spineless form in one of 
these was so dominant that no traces of the Early Harvest, the mother 
could be detected. The second generation produced under screen 
by this spineless Fi generation gave 77 individuals, in which the spine¬ 
less grandfather was dominant, and 130 in which the Early Harvest, 
or the grandmother, was dominant. None was absolutely smooth, 
that is, without pubescence, as in the true spineless type, but the first 
leaf-form of the 77 was true to that type. 

My first attempts at hybridization were, however, directed toward 
the combination of two forms, that I considered very suitable for my 
purpose, and from which I hoped for economic results of importance. 
These were the Early Harvest blackberry and the Austin dewberry. 

The Early Harvest, assigned by the systematists to Rubus argutus 
has erect, fluted and sparsely spiny canes, with tri-pinnate leaves, 
compact and elongated flower clusters with short bracteolate pedicels, 
and small flowers. The fruit is also small, but one of the sweetest, 
and the seed the smallest of any of the cultivated blackberries. 

The Mays dewberry, also called the Mays Hybrid and Austin- 
Mays, referred to R. villosus, but with coilsiderable doubt, is of a 
prostrate, diffusly branching ^owth with terete shoots, sparsely 
covered with rather small, straight spines. The leaves are three to 
five foliate; the flowers large, on elongated pedicels aggregated in 
loose, flat topped, bractless clusters. The fruit is Iwge, due to a few 
but large druplets with very large seeds, the flavor is quite sour, and 
the aroma not perceptible. ..... ... 

Prom SL cross between tbese two forms, Austin being tne motner, 
I grew to fruiting a Fi generation of 28 plants. The characters of 
Austin were so strongly dominant in all of them as almost to exclude 
all traces of the other parent. All of these plants flowered pro¬ 
fusely, and some produced many fruits which, howevei\ were more or 
less imperfect and irregular in form, due to two kinds of druplets, 
small and large intermixed, this being the most evident character 
of their mixed descent. 
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An individual in which the characters from both parents were 
considered to be more evident than in the rest, was selected as mother 
to a second generation, and, accordingly, screened off from foreign 
pollination. From the seed of this, a F 2 generation of 425 plants 
was raised. Of these, 367 were strictly Austin in characters, 37 
might be classed as intermediate, and 21 in which the characters of 
Early Harvest were prevalent. Two of the most typical of the last 
named form were screened preparatory to mothering a third generation. 
They flowered profusely, but set no fruit. All other plants of that 
same generation, exposed to foreign pollen, were more or less sterile, 
or set imperfect and inferior fruit. 

From the reciprocal cross, with Early Harvest as mother, I failed 
to obtain any progeny; nor did I succeed any better with it as mother, 
from pollen of other sources. The flowers of Early Harvest are 
strictly self-fertile .and, generally, self-fertilized. What bearing that 
fact may have on the difficulty of effecting a cross, I do not know. 

For some years I made numerous attempts to obtain crosses 
between various forms of our cultivated blackberries and dewberries, 
and failures resulted either from perfect or partial sterility; or the 
hybrids disgusted me because of their confused characters as well as 
their utter failure to give any promise of improvement for economic 
purposes. In fact, they all bore the stamp of degenerates in that 
respect. I will only mention one of these cases, namely a cross be¬ 
tween the Mammoth blackberry and the Dallas blackberry. 

The first generation consisted of 11 vigorous plants, with the vege¬ 
tative organs uniformly intermediate of the parents. In the flowers 
the following anomalies were noticeable: the stamens were much 
reduced in number and their filaments in length; the disk, upon which 
the stamens were inserted, had developed into a ring of papilla-like 
swellings bearing fascicles of pistils replacing a goodly number of the 
stamens. Such stamens as developed were, however, fertile to con¬ 
siderable degree; since under screen, fairly well developed fruits 
were obtained. In the second generation this anomaly in the flowers 
increased, especially in those where the Mammoth characters were 
dominant. In some the stamens had vanished altogether, and the 
accessory pistils had become perfect and fertile, developing ’ into 
druplets qf normal appearance when pollenized with pollen from the 
Loganberry. 

From this peculiar fruit, I obtained 39 plants, in which all but 
one showed the characters of the Loganberry in their early youth; 
but as they were all lost during the first summer, I missed in this, as 
in many other cases, the opportunity of further studying them. 

I had up to this time made frequent attempts of crossing the black¬ 
berries or dewberries with various varieties of the raspberries, but 
\vithout success until I made use of seedlings of Rubus rubisetus as 
pistil plant. 

A quart of fruit of this species was obtained from southern Louis¬ 
iana in 1910. The seed was sown the same fall and gave rise to a 
large number of plants quite uniform in general appearance. In 1913, 
many flowers on various individuals of these seedlings were pollenized 
with the pollen from the Brilliant and Loudon red raspberries. From 



BXPSRIBNCBS IN PLANT HYBRipiZATION 


57 


this first combination with the R. mbisetus as mother, which for 
short I shall call the Louisiana dewberry, I raised 21 plants to be trans¬ 
planted into the open field; and from the other cross with the same 
mother and Loudon as father, a few less in number. 

The characters of the raspberry, Rubus strigosus, were strictly 
dominant in all the individuals of each lot, nor was there any discem- 
ble difference in appearance of the two lots. In both, the plants were 
about equally infertile though nearly all flowered at the proper season. 
The flowers varied somewhat in size on the various plants, the small¬ 
est being slightly larger than the raspberry, and the largest slightly 
smaller than the Louisiana berry. Whatever fruit set consisted of a 
few drupelets, irregularly distributed on the receptacle. The color 
was dark-red to almost brownish-black, when dead-ripe. Cross 
pollenization was attempted between the various individuals, but 
did not result in more fruit. 

For two years in succession, 1913 and 1914, the seed was sown and 
a small ntunber of plants as a second generation was raised each year, 
but no individual arose more fertile or more promising than those of 
the first generation. 

In 1915, the crop of fruit from this first generation was a little more 
abundant and gave rise to 280 plants, of which 125 reached bearing 
age in 1917. But, as the mother plants of the first generation were 
not screened from foreign pollenation during flowering time that 
spring, the true origin of these plants was in doubt. Upon reaching 
maturity, I estimated them to fall into the following groups: 28 per 
cent raspberry dominant; 41 per cent Louisiana berry dominant; 
22 per cent, intermediate; and 3 per cent, indefinable. 

The group in which the raspberry was dominant might again be 
divided according to vigor into two extremes, very strong and very 
weak, with intermediates tending to either extreme. The next thing 
that caught my eyes was that, in the most robust group of the rasp¬ 
berry-dominants, there were 5 plants setting perfect fruits and promis¬ 
ing a good crop on each plant. 

These five plants differ from each other in no other feature, except 
that one, which I named the First Choice, was of a greater size, and, 
on that account bore a larger crop of fruit. They were all coarse 
raspberry forms with heavy ascending or prostrate, terete canes, beset 
with numerous weak, short prickles. The leaves were very large, of 
raspbeiT}’^ texture with 3 to 5 broadly ovate to rotund, coarsely ser¬ 
rate leaflets. The flowers were intermediate in size between those 
of the original parents, and borne on elongated pedicels in clusters 
similar to those of the Louisiana berry. The fruit, at maturity, was 
dark cherry-red to brownish-black, when overripe. The size of it was 
much larger than that of either of the original parents; in fact, larger 
than any Loganberry produced on our grounds. The flavor was 
mildly acid with a strong reminder of the raspberry. 

Two plantings of this third generation are now growing on our 
grounds; one, made in the spring of 1918 from seed produced in the 
open, the other, planted in the field last spring, from seed produced 
under screen. The first consists of about 900 plants which firuited 
this year. In general appearance, these vary no more from each 
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other or from their mother-plants in the second generation, than 
may be expected from descendants of what, in nature, is recognized 
as a true species. The variations, such as they are, consist mostly 
in rankness and direction of the shoots, size of the leaves, size and 
abundance of the fruit, as well as the time and length of the fruiting 
period. The general type and characters of their various organs are 
the same. 

According to these variations, I eliminated from time to time 
during the season all but 4, among which I am as yet undecided as to 
the preference. 

As to flavor, form, or color of fruit, no positive distinction could be 
made. The fruit differs from both the blackberry and the raspberry 
in the mode of disjointing from the pedicel, in-as-much as that takes 
place at the base of the calyx which is attached to the fruit. Because 
of this, the picking of the berries is a little difficult, since there is not 
a well defined node where the disjointing takes place. No positive 
v’^ariation in this character has given opportunity for selection. 

The four plants of the third generation, finally selected as elites, 
produced fruit from the middle of May to the middle of August; 
hence the length of the fruiting season during the past summer was 
about three months . Another noticeable character was that the fruit 
did not perceptibly deteriorate in size or flavor as the season advanced. 
The later part of the crop was produced on shoots of the current 
season. This character, which results in a long season of bearing, 
is evidently inherited, in a great measure, from Rubus rubisetus, 
where this tendency is present, but less evident. 

The most remarkable part of these phenomena appears to me to 
be that fertility appeared only in the most robust group of those of 
the P 2 generation, in which the raspberry was dominant; and, that 
having once occurred, it became invariably hereditary, just as though 
sterility was merely a passing crisis. 

Self-pollenation, both in the five plants of the second generation, 
and in their descendants of the third, took place to perfection under 
screen; and their pollen, when used in crossing some even distantly 
related forms, gave rise to apparently good seed. I have also crossed 
both the second and the third generation yvith foreign pollen with 
excellent results. With the second generation plants as mothers, 
and McDonald Spineless-diffuse as father, I have 8 thrifty hybrid 
plants one year old. With another form as mother, namely. Hay¬ 
maker X Louisiana Fj, which in itself is very sterile, I have 6 very 
thrifty plants from last year’s seed. The formula of this combina¬ 
tion is, therefore (Haymaker x .Louisiana) Fi X (Brilliant x Louisi¬ 
ana) F 2 . 

From the third generation, as mothers, and Early Harvest black¬ 
berry, as father, I have sown enough seed this fall to permit the hope 
of an ample start. 

Beside these, I have tried the pollen of the third generation on 
other crosses with surprisingly good results, so far as setting of fruit 
and production of seed are concerned. In short, the ease with which 
these plants lend themselves to hybridization with other forms aston¬ 
ished me, when I remember my previous difficulties and failures 
with some of their congeners. 
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As regards hardiness, both the second and the third generations 
have made ample tests on our ground and passed them without the 
slightest signs of discomfort. The drought and high temperature of 
sumnier before last wm the severest in memory of even the oldest 
inhabitant, yet no individual in the entire third generation of more 
than 900 plants showed the slightest distress. This last summer has 
become famed for the opposite extreme, yet no deaths, or even dis¬ 
eases, have occurred among these plants. 


Oak Hybrids 

Concerning the work with oaks, I shall be brief, because the 
principal part of my experiences were published in the October issue 
of the Journal of Heredity in 1918. 

From 6 out of the 7 specimens of the first generation of Quercus 
lyrata x Virginiana, described in that article, I have the following 
individual trees of a second generation; 1, 3 years old; 12, 2 years 
old; and 9,1 year old. All of these are due to a second hybridzation, 
since none of the first generation produced pollen until this last spring. 
The 12 trees 2 years old, having reached a greater development, 
show the greater diversity in form. But in only 2 individuals of 
these can the immediate father be identified from its dominency in 
the progeny; namely in 1, in which the Live Oak seems to have 
furnished the pollen, and another, in which the Post Oak is so dominant 
as to exclude all traces of the other two species. 

The only specimen of the first generation that has produced no 
fruit, bore this spring an abundance of male flowers with apparently 
potent pollen. A sister tree in very close proximity to this matured 
as a consequence, presumably, a much larger crop of acorns than any 
of the others. These acorns have been planted, and some have at 
this writing (November 28) made healthy-looking shoots. 

Besides the above hybrids of the first and the second generation of 
Q. lyrata x Q. Virginiana, I have 3 handsome specimens of Q. bicolor x 
Q. Virginiana Fi, I year old. The leaves of these are much la;iger 
than in the lyrata-Virginiana cross, but apparently of similar texture 
and persistency. The outline and venation of the leaves strongly 
remind one of Q. prinus, since the dentations in the margins are finer 
and more regular than in the male parent. 

Besides the seed from the fourth crop for a new second generation 
of Q. lyrata x. Q. Virginiana, I have, this fall, also planted several 
acorns due to cross-pollenation of last spring between the Post Oak 
and the Live Oak, and Water Oak and Live Oak. Some in both of 
these lots have already germinated and are making promising shoots. 

From the work with the oaks, I have learned that the various 
individuals of a species vary widely in their afiinity for foreign pollen. 
For several seasons I wasted my. time with a Live Oak which I selected 
for mother, because of its bearing qualities and the convenient 
locality, in which it grew. I employed the greatest care ui pollenizing 
a large number of pistils, using for the experiment pollen from 4 
different species, but without results. Owing to previous experiences, 
I commence to doubt the fitness of this tree as mother for hybrids, 



60 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


and accordingly made a comparative test by dividing the pollen with 
other individuals. The proof of difference in the affinity for foreign 
pollen was beyond doubt. One tree producing rather small and 
irregularly sized acorns, such as I, under different circumstances, 
would have avoided, proved the surest mother to hybrids. 

After that experience I have come to believe that to be successful 
in hybridization, it is necessary to search out by trial the individuals 
having the proper affinity for the pollen to be applied. For this 
purpose, seedlings would naturally be preferred to plants produced 
vegetatively. 


The Apple Cross—^Tolman X Malus Toringo 

By C. vS. Crandall, University of Illinois, Urbana, Illinois 

^HE group of apple seedlings to be considered in this paper is 
* the product of what deserves to be called a violent cross, 
that is to say, the two parent plants are as widely different as seems 
possible and still include them within the limits of the genus Malus. 
In this cross, Tolman a well known standard variety, served as the 
pistillate parent and a dwarf form of Malus Toringo as the pollen 
parent. 

The Parent Trees 

Tolman: Tree 9, row 11, Plat “A'*—Tree 25 years old, vigorous, 
healthy, wide-spreading; crown symmetrically developed, top open, 
lower branches somewhat drooping; twigs heavily pubescent. 
Bark of trunk dark grayish; of twigs, dark chocolate-brown. Lenti- 
cels few, mostly small, round, light brown. Tree bears regularly. 

Malus Toringo dwarf form (No. 852)—Tree 17, row 15, Plat “P’. 
Top-graft inserted on Virginia crab seedling April 9, 1908. Flowering 
for the first time in 1911. Tree form may be taken from a tree root- 
grafted on ordinary apple seedling stock in January 1908 and now 
12 years old. Height 8 feet, 2 inches, spread 10 feet, 4 inches, 
diameter of trunk 4 inches. Branches numerous, more or less 
contorted, upper, in general, horizontal, lower sweeping to the ground. 
Trunk crooked with very rough, dark reddish-brown bark. Twigs 
with numerous irregular longitudinal ridges; bark bright reddish- 
brown, smooth, lightly pubescent in spring and summer, becoming 
nearly glabrous in winter. Lenticels few, mostly small, round, 
occasionally somewhat elongated longitudinally, light brown. 

Leaves 

Tolman —Leaves dark green abovfe, lighter green below; dimen¬ 
sions as determined from measurement of 1()0 leaves as follows; 
length varies between 28 and 116 mm: (1.1 and 4.57 inches) with an 
average of 8C.2mm. (3.39 inches); width varies between 15 and 56 mm. 
(0.59 and 2.2 inches) with an average of 36.2 mm. (1.42 inches); 
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elliptic^, oblosig or oval; tip is acuminate in 31, acute in 42 and 
obtuse in 27; 95 are bltintly serrate apd 5 cr^iate; none are lobed; 
glabrous above except directly on the midrib, closely and fii»ly 
tcnnentose below. 

Petioles vary in length from 12 to 43 mm. (.47 to 1.69 inches) 
with an average of 23.3 mm. (.92 inches); rather stout, pubsecent; 
stipules lanceolate 6 to 12 mm. long, persisting on some leaves. 

Malus Toringo —Leaves small; the extremes of length in 100 
leaves are 25 mm. for the shortest and 57 mm. for the longest (1 to 
2.24 inches) vdth an aveigae of 44.9 mm. (1.77 inches); in width 
they vary between 13 and 33 mm. (.51 and 1.3 inches), with an 
average of 25.8 mm. (1.02 inches); those on sterile shoots ovate in 
outline, 3-lobed, the larger central lobe often variously incised; 
on fruiting shoots and spurs mostly lanceolate. Larger leaves 
mostly rounded at base, smaller more or less ouneate; of the 100 
leaves 62 are acuminate, 35 acute and 3 obtuse; margins are„in all 
leaves, crenate-serrate; some of the smaller leaves are entire below 
and crenate-serrate above. Leaves on sterile shoots more or less 
recurved and folded longitudinally. Petioles vary in length from 
7 to 17 mm. (.27 to .67 inch), slender, pubescent. All leaves are 
dark gray-green above, lighter below; glabrous above, slightly 
pubescent below, densely so along the midrib. Stipules 6 to 12 mm. 

to K inch) long, lanceolate, often with 1 to 3 te6th on the maigin; 
mostly falling early. 


Flowering of Trees 

Both Tolman and Malus Toringo flower from terminal and lateral 
buds of terminal shoots and from terminal buds of spurs, but with 
Tolman the production of flowers from lateral buds of terminal shoots 
is much less common than with Malus Toringo. Ustially all buds 
for from 6 to 12 or more inches from the distal ends of Malus Toringo 
shoots are flower buds and, at flowering time, the color is massed in 
great bunches that are decidedly ornamental. 

Flowers 

The flower buds of Tolman are of medium size, globular, light 
pink; those of Malus Toringo, small, globular, deep red. The 
Tolman flower expands 35 to 37 mm.; that of Malus Toringo 16 to 
20 mm. Pedicels of Tolman are 20 to 24 mm. in length, stout, 
bracteate, densely pubescent; those of Malus Toringo 18 to ^ mm. 
in length, very slender, ebracteate, scantily pubescent, often glabrous 
except towards the base. Expanded petals of Tolman ovate, ronded, 
at apex, 19 mm. long by 12 mm. wide, pure white, claw distinctianm. 
long; petals of Malus Toringo oval or oblong, rounded at 2 pex 
8 mm. long by 5 mm. wide, claw short; white with light pnk tinge. 
Stamens of Tolman 15 to 18, filaments slender 5 to 8 mm. long; 
anthers plump, light yellow. Stamens of Malus Toringo 7 to 21, the 
average number as determined from 189 flowers in 16.75; fSaments 
dendw, 8 to 5 nam. long, anthers plump, medium yellow, stivers^ 
shades darker than anthers of Tolman. Style of Tolman 5, slender. 
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9 to 19 mm. long, connate to ^ the length, glabrous at base, 
hairy in a broad telt covering the point of separation. 

Ovary in Tolman flowers green, densely white tomentose; in 
Malus Toringo flowers red in color, wholly glabrous. Calyx lobes 
of Tolman flowers large, acuminate, pubescent both sides; those of 
Malus Toringo more slender, the acumination more attenuate, 
pubescent on the inside only. 


Fruit 

Tolman —Medium or below in size, uniform, roundish or some¬ 
what oblate. The average of 200 fruits examined in detail had a 
vertical diameter of 59 mm., a transverse diameter of 69 mm. and 
weighed 121,16 grams; sides equal, sometimes obscurely ribbed; 
clear pale yellow or yellowish-green, rarely with a slight blush; bloom 
fairly abundant, grayish-white. Skin rather thick, tough, smooth. 
Dots many, small, round, white or yellowish, scattered, inconspicu¬ 
ous. Cavity deep, broad, obtuse or acute, irregularly ridged, some¬ 
what russeted. Stem medium to long, slender, green or brownish, 
pubescent. Basin shallow to moderately deep, of medium width, 
irregular, wrinkled. Calyx closed to partly open, medium to small, 
heavily pubescent. Calyx lobes large, long-acuminate, tips com¬ 
monly reflexed. Calyx tube of medium length, rather wide, um- 
shap^. Stamens median, pistil point present. Core closed, rather 
small, median, cordate, core lines clasping. Cells closed. Carpels 
broadly roundish, apex emarginate, tufted, rather flat. Flesh 
white, firm, rather dry, sweet, good. Average number of good seeds 
8.14. Of the 200 fruits 196 had 5 carpels each and 4 had 6 each. 

Malus Toringo —Fruit very small. The average of 100 fruits 
had a vertical diameter of 7 mm., a transverse diameter of 9 mm. 
and weighed 0.38 grams. The form was roimdish-oblate with 
truncate apex; base regular, flat, cross section regular. Uniformly 
pale orange-yellow; no bloom, skin smooth, polished, tough, thin; 
dots not apparent. Cavity very shallow, sometimes none, regular. 
Basin none, apex surmounted by the large, circular, russet scar left 
by the deciduous calyx lobes which fall off early in the development 
of the fruit. The calyx tube forms a small conical depression at the 
center of the scar. Core large in proportion to size of fruit, oblate 
median, closed; cells axile, oblate, variable. Carpels obovate, 
emarginate, glabrous, concave. Seeds very small, light in color. 
Flesh yellowish, acid, astringent. Of 100 fruits 12 had 3 carpels each 
71 had 4 each and 17 had 5 each. The average seed content was 3.42. 

The Cross—Tolman X Toringo 

Two buds in each of 25 Tolman flower clusters were emasculated 
May 8, 1911. Pollen of Malus Toringo was applied to the Tolman 
stigmas May 11. Ten fruits in seven dusters developed, were picked 
and described October 25. The average weight of these fruits was 
70.25 grams; vertical diameters ranged from 37.5 mm. to 45 mm. 
with an average of 42.2 mm.; transverse diameters from 46 mm. to 
58.5 mm. with an average of 53.9 mm. Seeds ranged from 3 to 9 in 
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each fruit aad aggregated 69 from the ten fruits. Seeds stratified 
November 7 and placed outside for the winter. March 29, 1912, the 
seeds were brought in and 58 were planted singly in dirt bands in 
flats. The seeds germinated numbered 46 or 79.31 per cent of those 
planted. 

Two seedlings died i^ortly after germination; the remaining 44 
were planted in nursery May 17. Five died during the first year in 
ni^ery. In November, 39 seedlings were lifted and stored for the 
winter, May 9, 1913, the seedlings were again planted in nur^ry. 
Three died during the second year. In November the remaining 36 
were taken up for storage. April 16, 1914, two seedlings were found 
dead, leaving 34 which were planted in orchard aS trees 17 to 50 in 
row 33 of the Douglas tract. 

Five trees died during this first year in orchard so that when the 
growth record was taken in October, 1914, there were living 29 of 
the original 46 seedlings or 63.04 per cent. One tree has died since 
as a result of flooding and imperfect drainage. Thus there remain, 
at the end of the eighth year, 28 of the original 46 trees or 60.87 
per cent. 

These trees range in height from 5 feet 4 inches to 12 feet 9 inches 
with an average of 10 feet 4 inches; in spread from 6 feet 2 inches 
to 14 feet 7 inches, with an average of 10 feet 9 inches. The range 
in trunk diameters is from 2.1 inches to 4.3 inches with an average 
of 3.51 inches. When rated as to quality, at the end of the first year 
in orchard, none classed as “good”, 19 were rated “fair” and 9 as 
“poor”. At the end of the sixth year in orchard they stand as 25 
“good”, 1 “fair” and 2 “poor”. 

While there are well marked individual differences the trees 
show a general tendency to form rounded symmetrical crowns. 
Branches are, at first, ascending, later the lower become horizontal 
and finally drooping. Shoots of the current year are numerous, 
strictly erect, from 18 inches to over four feet in length. 

In general appearance the trees strongly resemble the male parent, 
except that they are not dwarf in habit and greatly exceed Malus 
Toringo in vigor of growth. The color of bark of trunk and branches 
is brighter than in either parent, but accentuates the red color of 
Malus Toringo bark and retains faintly the striations of shoots of 
that species. Foliage on all trees is dense, the leaves very variable in 
size, but averaging larger than the leaves on either parent. The 
average length of 100 leaves is 93..J mm. as compared with 86.24 mm. 
as the average length of Tolman leaves and 44.88 mm. as the average 
length of leaves of .Malus Toringo; the average width of leaves of 
hybrid seedlings is 39.76 mm., while for Tolman the average width is 
36.22 mm. and for Malus Toringo 25.8 mm. 

Lobed leaves are found on 18 trees, but on most of them are only 
occasional. Leaves on remaining trees do not exhibit the slightest 
tendency to lobing. On all trees the leaves are flat, with none of the 
recurving so strongly marked in leaves of Malus Toringo. AH leaves 
are very dark green, much darker than are Tolman leaves, aad with¬ 
out the gray appearance characteristic of leaves of Malus Toringo. 
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In 1916 one tree, then four years old, produced a single flower 
cluster, but no fruits. In 1917 two trees produced each a single 
flower cluster; these flowers were emasculated and on April 14 
pollinated with Tolman pollen; the pollinations on one tree failed, 
from those on the other three fruits matured. In 1918 twelve trees 
flowered sparingly and 168 buds on seven trees were emasculated and 
later pollinated with Tolman pollen. Exactly 50 per cent of the 
pollinations were successful and 84 fruits were matured from six trees. 
In the spring of 1919 all but four of the trees produced flowers in 
varying quantity, some only a few clusters, others nearly a normal full 
bloom. 

A prearranged plan of pollination was rendered useless by a frost 
April 25. It was thought at the time that destruction of the flowers 
was complete, but some of the trees matured each a few fruits; no 
pollinating, however, was done. 

There are now on file flower and fruit descriptions from 22 of the 
28 trees. Six trees have not yet produced fruits. 

All trees that have flowered sufficiently show the tendency of the 
male parent to mass flowers, at the ends of terminal shoots, by 
production from lateral buds. Flower buds appear exactly like 
those of Malus Toringo except for a slight increase in size; they are 
globular and very dark red. Expanded flowers are exactly inter¬ 
mediate in size between those of the two parents; they are pure 
white, as are flowers of Tolman, showing no pink tinge as is common 
in flowers of Malus Toringo. Pedicels are twice as long as in either 
parent, intermediate in thickness, but appearing very slender because 
of their length; as to pubescence they are intermediate, having less 
than pedicek of Tolman and rather more than those of Malus Toringo. 
The ovaries in Tolman flowers are densely pubescent, in Malus 
Toringo entirely glabrous and red in color, in the hybrids they are 
sometimes glabrous, sometimes covered with scattered white hairs 
and are usually more or less colored red. Calyx lobes of flowers of 
the seedlings are larger than those of flowers of Malus Toringo, but 
have the same Jong narrow acumination. While cal^oc lobes are 
pubescent both sides in Tolman, and on the inside only in Malus 
Toringo, both these arrangements appear in the hybrids, but in the 
flowers of the hybrids the pubescence of calyx lobes is very much less 
dense than is the case with lobes of Tolman flowers. Petals of 
hybrid flowers are intermediate in size between those of flowers of 
the parent plants, but, in general, are narrower than those of Tolman 
flowers and nearer the form of Malus Toringo petals. 

Stamens have the same range in numbers in flowers of Tolman 
and in flowers of the hybrids, namely 15 to 18; in Malus Toringo 
flowers the range in numbers is from 7 to 21. Tolman filaments 
are more robust than are those of Malus Toringo, and, in the hybrids 
they are intermediate. Styles in Tolman flowers are 4 or 5, mostly 5; 
in Malus Toringo flowers they are 2 to 5, mostly 4; in the hybrids 
they are either 4 or 5, one number as common as the other. The 
d^iiee of connation of the styles is about the same for both parents 
and for the hybrids. 
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Hybrid Fruits 

Fruits of the 22 hybrid seedlings that have borne do not bear any 
dose resemblance to those of either parent; they appear as small 
apices, or small crabs, and there is remarkable uniformity in form, 
size and color of fruits from the different trees. Fruits are inter¬ 
mediate in size, but much nearer the size of Malus Toringo fruits 
than they are those of Tolman. The average of 200 Tolman fruits 
is over 22 times the weight of the average hybrid fruit, while the 
average hybrid fruit is only 14.25 times the weight of the average 
fruit of Malus Toringo. The average of all hybrid fruits weighs 
5.42 grams, has a vertical diameter of 19 mm. and a transverse 
diameter of 22 mm. 

The color is a uniform yellow, but not the yellow of either Tolman 
or Malus Toringo; it may be described as a dark dull orange. 

Cal 30 c lobes are wholly deciduous in fruits from two trees, wholly 
persistent in fruits from one tree and variously divided in fruits 
from the other 19 trees; from four of these above 50 per cent of 
the fruits have dedduous lobes and from 15 trees above 50 per cent 
have ^rsistent lobes. Fruits having persistent calyx lobes have 
no basin, the apex is, in each fruit, rounded up to the fleshy bases of 
the lobes. 

From study of the progeny of this cross between Tolman and 
Malus Toringo it must be concluded that some, at least, of the 
characters combined, appear in the progeny as intermediates, meaning 
by intermediate that they are between those of the two parents as 
extremes, but by no means occupying a central position. In habit 
the trees do not suggest Tolman, although tending to form rounded 
tops; they differ from Malus Toringo in being less dwarf and of 
more vigorous growth. Bark color and appearance are wholly like 
that of the male parent and in no particular resembling Tolman. 
Foliage of hybrid trees is more dense than is the foliage of either 
parent, but its general appearance suggests neither Tolman nor 
Malus Toringo; it is darker than Tolman foliage, has not the gray 
tinge of Malus Toringo foliage, and the individual leaves are flat 
wi^ no tendency to recurving. Leaves are, in part, lobed as in 
Malus Toringo, but the lobing is much reduced and, on most trees, 
inconspicuous. Petioles of leaves of Tolman and of those of Malus 
Toringo are of about the same length; leaves of hybrid trees have 
much longer petioles, averaging double the length of petioles of 
leaves of parents. Flower expansion is intermediate, the flowers 
of hybrids standing almost exactly midway, in spread, between those 
of the two parents. Pedicels are, however, unlike either those of 
Tolman or those of Malu^ Toringo, being, as in the case of leaf 
petioles, very nearly twice as long as in either. Flower buds in the 
hybrids are exactly like those of the male parent in color and form, 
but are slightly larger; in anthesis the petals fade to pure white as in 
Tolman. 

Except that the fruits of the hybrid trees are plainly apples, l^ey 
bear no resemblance to those of either parent ; they are inteannpediate 
in size, but to occupy a median positicm would have to be many 
times heavier and have the diameters more than doubled. 
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The outstanding fact regarding this group of seedlings is the 
extent of the domination of the dwarf, small-fruited male parent 
and the corresponding suppression of resemblance to the mother 
plant* While the hybrid trees have their individual differences 
they all exhibit a uniform resemblance to Malus Toringo; they are 
Malus Toringo trees invigorated, smoothed out and improved. 
Those characters that occupy intermediate positions between the 
parents are not median, except as to flower expansion, but are much 
nearer the male than the female parent. 

This dominance of Malus Toringo characters is indicative of a 
degree of stability and fixity only acquired by existence through 
many generations and we must assume this plant to be a true species 
and very near if not identical with the wild type. 


Results of Bud Selection Investigations at the Missouri 
and Oregon Experiment Stations and Their 
Interpretation 

By V. R. Gardner, University of Missouri, Columbia, Missouri 

'T'HE question of bud variation and bud selection is one that has 
* been prominent in the horticultural literature of the past 
half century, and it has been particularly prominent during the past 
decade. It is not necessary at this time to review that literature, 
for those in attendance at this meeting are well acquainted with it. 
You know about the great diversity of opinions that are held and 
the nature of the evidence that has been presented to support them. 
Consequently this paper will be limited to a very brief summary of 
recent work along this line by the Missouri and Oregon Stations 
with which the vTiter has been connected. 

Bud selection work at the Missouri Station was begun in 1895 
when scions were taken from two Ben Davis trees. One of these two 
trees had been a heavy and regular producer of high grade fruit; 
the other a light producer of fruit inferior in size and color. There 
was nothing about the appearance or environment of the trees to 
suggest that their behavior was due to anything other than internal 
causes. Thus it seemed that they furnished exceptionally good 
material for starting a bud-seiection experiment to test the trans- 
missibility of individual variations in* productiveness. Resulting 
trees from the scions taken in 1895 were grown under uniform conditions. 
The 1912-1919 crops were measured acairately and the records 
furnish exact information on the effects of this particular bud selec¬ 
tion. The results of this particular experiment may be summarized 
by stating that the trees propagated from the poor parent were equal 
to those propagated from the good parent in productiveness, regularity 
of bearing and grade of fruit produced. 

A little later a similar experiment was begun with strawberries 
by the Missouri Station. Runners were taken from the six most 
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productive and from the six least productive individuals in the 
Station’s plot of a standard variety. When these daughter plants 
came into bearing proper records were taken and selections again 
made from the most productive and least productive individuals. 
This work was continued until ten successive generations and been 
grown and fruited, there being ten successive plus selections and as 
many successive minus selections. Throughout the experiment th>^- 
plus selections proved to be no more productive than the correspond¬ 
ing minus selections. Furthermore there was as much variation 
within each of the selected strains resulting from the selection as 
there was in the entire stock to begin with. Nothing had been gained, 
or lost, by the work of selection. 

In 1913, plus and minus selections were made of four varieties of 
strawberries that were on trial on the grounds of the Oregon Station. 
The daughter plants were fruited first in 1915 and for three succeeding 
seasons. The results attending these selections, at least so far as 
yield is concerned, were practically identical with those obtained 
by the Missouri Station. It is worthy of note, however, that the 
mother plant of the Wilson selected for its extremely low yield was 
also a very poor runner producer (producing only six runners the 
first season), while the high yielding Wilson plant was a heavy runner 
producer (producing over 50 daughter plants); and that the daughter 
plants of these two selections exhibited the same characteristics of 
light and heavy runner production, respectively, throughout their 
life.' At the same time that plus and minus selections were made 
at the Oregon Station of several standard varieties, selections were 
made of productive and barren daughter plants of two seedlings 
originating on the Station grounds. The subsequent record of 
the daughter plants of one of these two selections was similar to that 
of the selected plants of the standard varieties; but the subsequent 
record of the daughter plants of the other selection was different. 
The daughter plants of the high yielding parent showed a fairly 
wide range in yield, but they had a normal average. On the other 
hand the daughter plants of the barren parent, though not entirely 
barren, were low in yield, not over half the normal yield for the 
enitre stock of this variety. Furthermore these two lots of daughter 
plants continued to give high and low yields respectively for three 
successive seasons. Here, then, was a clear-cut instance of the 
isolation of a strain of strawberries (in this case inferior to the normal) 
through bud selection. It is interesting to note in passing that 
the variation from the normal that in this case could be perpetuated, 
was in the direction of deterioration or degeneration. From a 
practical viewpoint, all bud selection could accomplish would be to 
keep the variety up to its own standard by the weeding-out of an 
infertile or semi-barren strain. 

The Degeneration op Strawberry Varieties Through Bud- 

Variation 

Station investigators and growers as well often have noticed that 
individtial plants in a row of strawberries would become weak ahd 
die out because of a lack of vigor when other plants of the same 
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varieties along side them would remain strong, vigorous and pro¬ 
ductive. This has been attributed to insect or disease attack, 
unfavorable soil, or to other local ^vironment causes, or to accident, 
and apparently little special attention has been given to the matter. 
The behavior of some of the seedling strawberry plants, or, more 
accurately, runner-propagated daughter plants of some of the seed¬ 
lings, growing upon the grounds of the Oregon Station challenged 
attention in this connection. The matter can be presented best 
by brief notes on the observations made upon several of these forms. 

Station Seedling qqi (a Glen Mary x Clark cross)—First fruited 
in 1913. Very productive and regarded promising. Its 48 daughter 
plants were set out in the Spring of 1914. No fruit borne in 1915 
on account of frost. In 1916 the plants were uniformly strong 
and vigorous, but without exception they produced very few berries. 
In 1917 they were still uniformly vigorous but also uniformly un¬ 
productive. The whole stock of the variety had suddenly deterio¬ 
rated in-so-far as fruit production was concerned. 

Station Seedling iiqo (a Marshall x Clark cross)—First fruited 
in 1913. Very productive, vigorous, and regarded as promising. 
Its 94 daughter plants were all set in the Spring of 1914. They grew 
well during 1914 and in the autumn of that season presented a 
fairly uniform appearance. In 1915 they bore practically no fruit 
on account of frost and consequently were able to turn practically 
all their energies into vegetative growth. All runners were removed 
promptly and consequently vegetative growth meant in this case 
roots, crowns and leaves. During this season, however, many 
plants showed marked vegetative deterioration, though other plants 
alternating with them in the row retained normal vigor. In 1916 
the plants of normal vigor bore normal crops, though the row as a 
whole bore a light crop on account of the deterioration of so many 
individuals. In the spring of 1917, 16 plants were still strong 
and vigorous, 47 were weak and degenerate, and 31 had died, appar¬ 
ently from lack of vigor. Runners were obtained from the normal 
individuals and also from the degenerate plants and set side by side 
in a new location. Most of the daughters of the degenerate plants 
died the first year, though a few survived. None were normally 
vigorous. On the other hand the daughters of the vigorous mother plants 
made a normal, vigorous growth. Here is a case of a comparatively 
large percentage of the stock of a variety more or less suddenly 
deteriorating and the deteriorated strain then perpetuating itself 
by means of runners. 

Station Seedling 1202 —Without going into detail regarding the 
behavior of this plant it may be stated that the original seedling was 
very vigorous, productive and promising. Its daughter plants 
made uniform, fairly vigorous growth the first season, and then 
gradually lost their vigor. By the end of the second season they 
were all very weak and would have been classed by a commercial 
grower as “run-out? worthless stock. Nearly all the plants survived 
the following two seasons, but remained weak and produced only 
a few small berries. Runncars taken from these degenerate plants 
and set in a new location, made a growth .the first season that wotdd 
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be classed as mediiim to weak in character. However, these same 
plants gradually regained vigor during the two following seasons 
and in 1918 yidded at the rate of 122 crates per acre, a good jdeld 
for such an unfavorable season. Ordinarily when the entire stock 
of a variety is modified in one direction in this way the change is 
looked upon as accomodative or adaptive and some feature of environ¬ 
ment is regarded as its cause. The change, however, in both kind 
and direction corresponded to that in Station Seedling No. 1190 where 
only a part of the stock was affected, and hence where it may be 
classed as a bud variation. The fact that plants of a number of 
other varieties under the same conditions showed no tendency to 
undergo such changes, but continued normal in both vegetative 
and fruiting characters, affords added evidence for the belief that 
the variation was due primarily to internal, rather than external, 
factors. 

Bro Variation Associated with Parental Characteristics 

Incidental to the breeding work at the Oregon Station some 
crosses were made between a wild form of P. chiloensis and a culti¬ 
vated variety. The wild chiloensis had petioles with appressed 
and ascending pubescence; the petioles of the cultivated variety 
had spre^ading pubescence. Most of the resulting seedlings had 
petioles with appressed and ascending pubescence; some had spread¬ 
ing pubescence. One plant was found that bore some petioles of 
the one type and some of the other, a case of incomplete dominance. 
Daughter plants of this indi\ddual were grown and examined care¬ 
fully. Some were like the wild chiloensis, some like the tame parent, 
and some like the mother plant in this respect. Here strains had 
arisen through bud variation that vrere not in the nature of degener¬ 
ate forms, but that are to be explained as due to reversion. Theoreti¬ 
cally at least, they might be the means of variety improvement. 

Discussion 

Three distinct kinds of bud variation were met in the course 
of these experiments: (1) Fluctuating bud variation. Both of the 
apple trees and all of the strawberry plants that formed the starting 
points of the bud selection work of the Missouri Station, and most 
of the strawberry plants with which the Oregon Station began its 
work, were variants of this character. Without doubt a very large 
part of bud variation in general is of a fluctuating nature. (2) 
Running-out or degeneracy. In the work of the Oregon Station 
this running out took three forms: (a) a more or less complete 
loss of ability to produce fruit, through vegetative vigor remained 
unimpaired, (b) A partial loss of ability to produce runners, (c) A 
marked reduction in vegetative vigor, resulting in weak, degenetute 
plants. This degeneration may involve the entire stock of a variety 
that is being grown under a given set of conditions, or only a part of 
that stock. The work of the Oregon Station would indicate that 
a degenerate strain may occasionally return to the normal form from 
which it sprang—that is, it may “ come back’\ This is not unlike thte 
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results obtained by Stewart of New York with the potato. (3) The 
third type of bud variation met is in the nature of a reversion to one 
of the ancestral forms. 

In the light of these results it would seem that while bud selection 
may not be such an effective means of improving the variety as it 
was at one time believed, its importance in keeping the variety up 
to standard, in eliminating or weeding out inferior or degenerate 
forms, is not to be overlooked. Crop improvement is no less im¬ 
portant than variety improvement. It is needless to say that the 
loss occasioned by this type of variety degeneration is apt to be found 
vary variable. Without doubt there are bud-propagated crops or 
varieties, or there are seasons or sections when, where, or with which, 
it is a negligible factor. On the other hand invewStigators, propagators, 
and growers of bud-propagated plants should be on the watch for 
plants that show signs of deterioration. Neither should it be for¬ 
gotten that occasionally bud variation may furnish the starting point 
for real variety improvement. 


Bud Selection Investigation with Citrus Fruits 

By A. D. Sh.^mel, Riverside, California 

^HE study of bud variation in the trees of the leading commercial 
* citrus varieties grown in Southern California was begun by 
the writer in April, 1909. While on a visit to Southern California 
for the purpose of studying methods of investigation having for 
their object the solution of losses due to packing, handling, and 
marketing of citrus fruits, the vTiter’s attention was called to the 
variability of the fruits in the packing houses. The crops of navel 
oranges which were being packed for market at that time were found 
to contain many strikingly variable fruits, some of which were so 
distinctly inferior in appearance, texture, or other characteristics of 
the fruits of the tj’pical Washington navel orange that they were being 
habitually thrown into cull bins. The differences in fruit characteris¬ 
tics of some of these fruits were so great that they could well be 
classed as definite sub-varieties of the Washington navel orange. 
The writer became interested in this condition and traced some of 
these strikingly variable fruits to individual trees or branch^? in 
trees in the orchards from which the crops came, This significant 
development of variable fruits borne by different trees in the Wash¬ 
ington naval orange orchards and sometimes by branches on the 
same tree grown from a single bud, led to the systematic study of 
this condition in order to determine its relation to commercial navel 
orange production and marketing. 

As soon as it was determined to make a systematic investigation 
of the bud variation problem in the Washington navel orange and 
other commercial citrus varieties in California, a preliminary survey 
was made of many orchards in all the leading citrus districts of 
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this section. The purpose of this survey was to determine the 
location of orchards and of plats of trees in the selected orchards 
where the phenomenon of bud variation could be studied under the 
most favorable conditions. Some six months or more were spent in 
this survey and as a result navel orange orchards were selected and 
in these orchards plats of 100 or more trees each were located 
where the environmental conditions were such as to warrant the 
belief that the results of these studies would be of the most value. 

Some of the factors taken into consideration in selecting orchards 
and plats in these orchards were freedom from frost or other tem¬ 
perature injuries, absence of scale or other insect pests, and absence 
of fungous diseases. All of the orchards selected for the purpose 
of these studies had been planted upon virgin soil and little or no 
fertilizer of any kind had been applied from the time the orchards 
were planted until these investigations were begun. Particular 
attention was given to securing locations where the soil conditions 
were uniform and where the cultural and irrigation practices had 
been consistent during the entire history of the orchards. In all 
cases the history of the propagation of the trees in the orchards 
included the kind of stocks used and the sources of the buds from 
which the trees were propagated. In every instance not only in the 
first selection of plats of trees, but also in the subsequent selection of 
additional plats in the Washington navel orange or other citrus 
varieties, only those orchards were selected for study which were 
known to produce superior crops of fruit which were profitable to 
the growers and for which a reputation for the production of fine 
crops had been established in the leading markets. 

In all of this work the hearty cooperation of the owners of the 
orchards selected for study was secured and has been maintained 
from the beginning until the present time. Additional labor for 
picking and assistance in assorting and handling the crops from the 
trees in the plats selected for study were furnished by the growers 
without an}'' extra expense. Samples of fruit and almost unlimited 
supplies of bud wood have been given by the owners of the trees to 
the writer for use in making experimental and commercial propaga¬ 
tion tests. In this way the investigation has been carried on with 
the minimum of public expense and has secured the active interest 
of all of the citrus growers in the localities where these studies have 
been made. 

Fortunately the citrus industry in California is organized on a 
cooperative basis and about 7o per cent of the growers market 
their fruits through one major cooperative organization, the Cali¬ 
fornia Fruit Growers Exchange, whose principal place of business 
is in Los Angeles. This organization and others have fostered and 
encouraged these investigations from the beginning and have made 
possible the rapid utilization of the results of these studies in a 
commercial way which without such assistance could not have been 
introduced so fully and efficiently as has been the case, 

While these studies were begun with the Washington navel 
orange for various reasons, the importance of this work soon became 
such that frequent requests were made to include oth^ citrus varieties 
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in these investigations. Accordingly as opportunity presented, plats 
of trees in carefully selected orchards of the Valencia orange, the 
Marsh grapefruit, the Eureka, Lisbon, and Villa Franca lemons, 
and the Ruby Blood orange, have been added to the original plats 
of trees of the Washington navel orange. 

The object of these studies has been to determine the characteris¬ 
tics and the frequency of the occurrence of bud variations in the 
trees of the citrus varieties under observation. The relation of these 
variations to the origin of strains in each of the citrus varieties and 
the comparative value of these strains for commercial fruit produc¬ 
tion have been studied. Introduction of improved methods for 
selecting parent trees as sources of bud wood and of securing reliable 
buds from these trees has been one of the important objects of these 
studies. 

The plan of this work has been to keep individual tree performance 
records in plats of about 100 trees in each orchard selected for the 
purpose of these studies. These performance records included a 
record of the number and weight of the fruits of each commercial 
grade and size produced by each tree. The records also included a 
careful study of the variability of the fruits of each tree for a period 
of several years. Where the striking variations occur as limb sports 
the limbs have been carefully studied in their relation to the behavior 
of the remainder of the trees. Photographs and descriptive notes 
have been freely used in order to facilitate the work of securing 
definite information as to individual tree, branch, and fruit behavior. 

Some of the records secured in these investigations together with 
conclusions as to the results of these studies have been published in 
United States Department of Agriculture bulletins as follows: 
No. ()23, Citrus-fruit Improvement; A Study of Bud Variation in 
the Washington Navel Orange; No. 624, Citrus-fruit Improve¬ 
ment; A Study of Bud Variation in the Valencia Orange; No. 697, 
Citnis-fmit Improvement; A Study of Bud Variation in the Marsh 
Grapefruit. Additional reports on the results of these studies are 
now in course of publication by the Department of Agriculture and 
will likely be available for distribution at an early date. In this 
paper no attempt will be made to go into detail as to the results of 
these studies and anyone who is interested in the subject is referred 
to the above mentioned publications for further information. 

In all of the citrus variations studied, bud variations have been 
found to be of frequent occurrence and of great commercial import¬ 
ance. In the established orchards where our studies have been 
carried on, these variations occur as individual trees and as individual 
branches or even individual fruits on the same tree. The variations 
studied thus far have been extreme and are easily recognized through 
differences in color, texture, size, shape, thickness of rind, quantity 
and quality of juice, number of seeds, and other clearly defined 
fruit characteristics. Some attention has been given to correlated 
foliage characteristics and to the marked habits of growth of trees 
of the different strains which have arisen from bud variations. 

Many strains of each of the citrus varieties studied have been 
found in the performance record plats. These strains differ materi- 
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ally in the habit of growth of the trees, in foliage characteristics, 
in the season of production of fmits, and in the fruit characteristics 
th^nselves. Some of the strains produce fruits of very inferior 
commercial value, so much so in fact that the crops borne by the 
trees of these strains are of little or no value. On the other hand 
the trees of the best strains have been consistently found to produce 
the most regular and uniformly heavy crops of fruit. These pro¬ 
ductive trees of the best strains not only produce the most fruit, 
but have been found to produce the largest proportion of first grade 
fruit and that having the most desirable commercial size. This 
condition has been extremely fortunate from the standpoint of the 
commercial utilization of our results because a quantitative test of 
yields has frequently been a reliable indication as to the commercial 
quality of the fruits borne by different trees growing under similar 
environmental conditions. As a matter of fact, in more than pO.OOO 
acres of citrus fruit in Southern California commercial tree per¬ 
formance records are being kept. These records include the total 
yield of fruit from each tree in the orchard with supplementary notes 
as to the tree conditions and the fruit characteristics. The purpose 
of these records is to definitely determine the good and bad trees 
in the orchards. From the most productive trees which usually are 
of the best strain, selections of parent trees as sources of bud wood 
for propagation, are made. Low yielding and undesirable trees 
are located through these records for the purpose of top-working 
them or replacing them with trees of the desirable strains. As a 
rule the extent of the ocairrence of trees of the off-type strains 
increases with the number of bud generations from the original 
parent trees of the variety. In other words, in younger orchards 
w^hich are further removed from the parent trees of the variety, a 
greater proportion of mixed strains arising from bud variations has 
been discovered in the orchards studied, than is the case with the 
older orchards which are more closely related to the original parent 
trees. 

The explanation for this condition which is commonly believed is 
that under the previous method of bud selection where only non 
fruit-bearing wood or so-called sucker wood buds were secured for 
propagation, a larger proportion of the buds obtained in each instance 
w^as from the most vigorous growing and vegetative strains of trees, 
which, as a rule, are the least productive and commonly bear the 
most inferior cTops of fruit. With the present day methods of 
securing bud wood where only fruit-bearing wood is secured for 
propagation selected from the most productive individual trees in 
the orchards, this tendency toward the introduction of vegetative 
strains is being largely, if not wholly, overcome. 

On a Washington navel orange tree grown from a ringle bud 
we found as many as nine different strains of fruit. Sometimes these 
variations occur as indi\Hidual fruits and in other cases as collections 
of manj^ fruits borne by individual branches. While these different 
fruits aU possess navels they differ in other charactOTStics to such 
an extent that they mav be classed in some cases as distinct varieties 
of thi navel orange. The navel or secondary orange itedf has been 
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found to vary more or less, in some cases being very small or rudi¬ 
mentary while in other cases it develops to a very large size, some¬ 
times as large as one-half of the primary orange itself. In some 
instances the navel is completely enclosed within the primary orange 
while in other instances it has developed as a protruding or attach^ 
secondary orange with similar characteristics to that of the primary 
orange. While the flowers of the typical Washington navel orange 
tree are usually abortive and imperfect, several instances have been 
found where the flowers are perfect and where the fruits set viable 
seeds. Under ordinary conditions the navel orange flowers do not 
develop pollen and owing to this primary cause and to the fact that 
frequently the ovaries are imperfectly developed, the fruits do not 
set seeds. However, a perfectly flowered strain of the Washington 
navel orange has been isolated where the fruits do habitually set 
their full complement of seeds each year. 

An extensive list and description of bud wood variations in the 
navel orange and other citrus varieties could be given, but time does 
not permit at present of our going into such details. If further 
information is desired as to the nature of these variations it can be 
secured in the publications referred to in a preceding paragraph. 

Experimental propagations have been made of all of the import¬ 
ant bud variations studied in the course of these investigations. 
Enough evidence has been secured from these propagations to 
warrant the statement that all of the important variations have been 
isolated through bud selection. The results of these progeny studies 
are incomplete as yet, but as soon as it is thought that a full study 
has been made of their behavior, detailed reports will be issued 
gi\H[ng the results of these studies in a similar way to that in which 
the characteristics of the original variations have been described. 
Most of the variations thus far propagated have been of interest, 
but are of little or no commercial value. Therefore, the propagations 
of these inferior strains have been done in experimental orchards 
on a limited scale. Only enough trees have been grown of each 
propagation to secure satisfactory evidence as to the transmission 
of the strildng characteristics of the bud variations. The desirable 
variations, however, have been propagated and planted on an exten¬ 
sive commercial basis by citrus growers in Southern California so 
that at the present time there are several thousand acres of these 
trees available for study. In all of these cases the progeny of each 
parent tree has been kept separate in the commercial planting and 
the arrangement of the progenies in each orchard platted so that 
each progeny can be traced back to the parent tree. In this way 
an important reading can be seciu*ed of the comparative value for 
propagation purposes of the parent trees from which the progenies 
were propagated. 

The commercial utilization of the results of these studies was 
made possible through the establishment in May, 1917, of a bud 
selection department by the California Fruit Growers' Exchange, a 
cooperative organization of about 10,000 citrus growers in California. 
This department is in charge of a scientific trained man and his 
purpose is to furnish to propagators reliable buds secured from super- 
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ior performance record trees of the commercial citrus varieties. 
Inasmuch as this is a cooperative, non-profit organization, these 
buds are furnished to propagators at cost. At the present time a 
charge of five cents is made for each bud, but owing to the large 
volume of business now being done it seems likely that this charge 
may be materially reduced in the near future. As a result of the 
demonstration of the improved production of trees grown from these 
carefully selected buds in many citrus orchards in all of the im¬ 
portant citrus districts in California, all intelligent planters demand 
nursery trees grown from such buds. In fact, it is becoming ap¬ 
parent that nurserymen can not sell, excepting in isolated instances 
to newcomers and poorly informed persons, any other trees than those 
grown from what is commonly called selected buds. Nurserymen 
who have tried to continue their previous methods of careless bud 
selection and propagation have been forced out of business, while 
the nurserymen who have used the carefully selected buds have 
prospered. This condition is cited for the purpose of showing that 
most fruit growers are intelligent and demand, and are willing to pay 
for, reliable trees. 

A somewhat comprehensive study of nursery practice in other 


lines than citrus conducted by the writer during the past ten years, 
has convinced him that a radical change in methods of propagation 
practised by many nurserymen is essential for the future welfare 
of the fruit industries. A great mass of evidence showing the deplor¬ 
able results of careless work in the propagation of fruit trees has 
been accumulated which proves this statement beyond any question 
of doubt. A growing demand on the part of many deciduous growers 
in the eastern states for improved methods of propagation on the 
part of nurserymen has resulted in considerable activity recently 
among nurserymen looking toward the improvement of their methods 
of securing and propagating buds of the commercially important 
varieties of all fruits. If this work is carried on carefully and honestly 
and based upon adequate investigation of the conditions in each of 
the varieties concerned, it will doubtless result in as marked an 
improvement in orchard production as has been the case with the 
citrus in the opinion of the writer. On the other hand, there is a 
tendency among unscrupulous propagators to capitalize the work 
which has been carried on with the citrus, and to palm on on the 
public so called pedigreed trees which have as a matter of fact been 
propagated in the ordinary way. This movement will naturany 
be carefully watched in order to avoid if possible bringing discredit 
upon the legitimate effort to improve nursery pr^tices, partimlarly 
those concerned in the selection of bud wood and in the sel^tion of 
stocks. Previous similar abortive efforts of this character have 
occasioned a great deal of disappointment and it should be the atti¬ 
tude of every one concerned to watch out for, and to bring to the 
attention of the public, any illegitimate efforts on the part of unscru¬ 
pulous propagators along these lines. . t, f 

In conclusion the writer would like to say that in his op^on one 
of the most important results of these investigations h^ 
introduction of practical methods for keeping individual tree records 
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in orchards. These records are valtiable not only in securing definite 
information as to individual tree and fruit characteristics, but also in 
measuring definitely the results of various orchard practices. For 
example, various theories of pruning of the citrus have been advocated 
strongly by various men in Southern California during recent years. 
These methods have been developed and advocated largely without 
any adequate information as to the effects of these different methods 
upon crop production. In the course of these investigations briefly 
described in this paper, individual tree records have been kept with 
plats of trees pruned by the leading advocates of different methods 
of citrus pruning in Southern California. In each case each method 
has been contrasted with unpruned trees. The results of these 
records have been extremely illuminating and have developed the 
fact that much of the pruning has been positively detrimental not 
only to the quantity, but also to the commercial quality, of the fruits 
borne by the pruned trees. These facts developed as a result of 
the individual tree records, and have come as a great shock to most 
of the citrus growers and to the pruners as well. It is not over¬ 
stating the matter to say that these records have had a greater 
influence in checking the tendency tow^ards radical pruning in citrus 
orchards in California than all other causes combined. 

A similar statement can be made as to the utility of tree records in 
checking up different methods of fertilizing the soil, irrigating the 
orchards, and other cultural practices. Too much attention has 
been given in the past to the theories which have been strenuously 
advocated by men whose information concerning them has been 
incomplete. The facts are shown by the records of production 
and if the individual tree records are kept in a satisfactory manner 
this information can usually be relied upon. As a result of a wide 
experience in the salutory effect of tree record keeping in the control 
of the use of cultural treatments, the writer would like to make 
emphatic his opinion that the use of individual tree records will 
prove to be one of the most important, if not the most important, of 
any method of studying the results of these practices. 


Concerning the Shedding of Flowers and Fruits and Other 
Abscission Phenomena in Apples and Pears 

By Arthi'R J. Heinicke, Cornell University, Ithaca, New York 

'T'HE June drop is an abscission phenomenon that is of special 
interest to the pomologists. It is well to remember, however, 
that the shedding of leaves, petals and other succulent organs, is 
very similar to tiie sheedding of flowers and fruits that are Still alive 
and fairly turgid. The detachment of unopened stone fruit buds 
and the removal of a portion of the cluster base, or even the entire 
flower bearing spur shortly after the blosscmis fall, belong to the 
same category. The loss in all these cases of abscission is due to the 
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behavior of living cells near the base or at the node of the organ 
doomed to f^. 

Observations and experiments concerning abscission in apples, 
pears and othCT fruits, have been carried on by the Department of 
Pomology at Cornell in connection with the study of factors iirfluenc- 
ing the set of fruit. Some of the results are presented in this paper. 

The Separation Zone 

The pedicels of flowers or fruits often show a constriction at the 
base where they unite with the stem. Mechanical separation such 
as results from strong wind may ocoir at this constriction, but 
separation involving the activity of living cells often takes placte 
just above, especially in younger organs. When flowers or ^its 
are allowed to abscise in a humid atmosphere, a band of glistening 
tissue appears around the base of the pedicel one to three days 
before detachment takes place. It may become a millimeter wide 
before abscission finally occurs. Sometimes it does not break through 
the epidermis, but it is nevertheless visible, appearing as a green line 
in contrast to the brown bark. 

The band is nothing more than the rim of a plate of cells that 
lies between the pedicel and the cluster base. In longitudinal 
sections it apfjears as a water soaked line extending across the base 
of the flower or fruit stem, near, but not always at, the constricted 
portion. Often it runs along a straight path, but other times it 
dips down or up where it crosses the conducting tissue. Examina¬ 
tions of longitudinal sections through the pedicel and cluster base 
of normal flowers or fruits, show that there is no apparent difference 
between the cells of the region in which abscission occurs and those 
of adjoining tissues, although the cortical cells in the constricted 
portion are usually .somewhat smaller than those in the broader 
portion of the pedicel. 

During the early stages of abscission when the separation zone 
is but two or three cell lengths wide, it is usually difficult to obtain a 
sharp definition of the tissue involved. This is probably due to a 
gelatinization of the thick cell walls. In later stages the zone may 
include 10 to 12 tiers of elongated cells with thin walls and large 
nuclei. The ringed elements of the vascular tissue which passes 
through this cushion are sometimes stretched like a spring, but more 
often they break leaving fragments within the zone. 

Hydrochloric acid applied to the sections of apple and pear tissue 
normally stains the lignified vascular elements and stone cells a 
cherry red. This is because such tissue contains phlorogludn 
which together with hydrochloric acid affects Unified tissue in 
this characteristic manner. Just prior to separation, the walls erf 
two to six tiers of cells in the abscission region likewise »ve the red 
color when treated with hydrochloric acid which indicates that 
lignification has occurred. This test will often show the upper limits 
of the abscission zone even before the line becomes \’isible by its 
water soaked appearance. , , , , . . 

Under laboratory conditions, the hgmfied layer was found m all 
casra excepting on the stems of several mature Bartlett pears fdiat 
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were allowed to separate as a result of abscission and without me¬ 
chanical interference. Examination of the abscission ends of flowers 
and fruits shed under orchard conditions, reveals the presence of 
the lignified layer in most, but notin all cases. The lignified layer is 
probably not an essential feature of abscission. No doubt it results 
from an accumulation of food materials that can no longer pass 
through the separation zone after the abscission process has teen 
initiated. Lignification is frequently associated with a condition 
of senility. 

♦ Sections treated with hydrochloric acid and Fluckigers and other 
modifications of Fehlings test for reducing sugars gave a heavy, but 
non-localized brick red precifritate both before and during the abscis¬ 
sion process. No precipitate was obtained before inversion, except 
in a single case where the test was conducted with material pre¬ 
served in formaldehyde. The precipitate in this case was confined 
to the abscission zone. Starch was not found in any of the sections. 

Eosin is often retained by the abscission tissue even after it is 
washed from adjoining cells. Other common stains usually leave 
the abscission zone lighter colored. The orange color occasionally 
obtained with safranin probably indicates the presence of pectin 
bodies. Other color and microchemical tests for such compounds, 
however, did not give very satisfactory results. 

Nitrates were occasionally found in sections of the cluster base 
by the diphenylamine sulphuric acid reaction, but localization with 
reference to the separation region was not observed at any stage. 
The same is true of iron compounds which were detected by potas¬ 
sium ferro, and potassium ferricyanide. Catalase activity seemed 
to be especially marked in the separation zone as indicated by the 
lively effervescence following the application of a drop of hydrogen 
peroxide to the section. 

The cells in the abscission zone are dissolved more readily than 
adjoining tissue by either a concentrated solution of sulphuric acid 
or potassium hydroxide. The lignified layer at the base of the 
pedicle dissolves slowly under such treatment as do the vascular 
tissues. When a fresh turgid section is placed on a slide without 
a cover glass, the cells in the abscission zone lose water more rapidly 
than those in adjoining tissues. As a result the tissue in this region 
is tom apart and separation of the pedicel from the cluster base occurs. 

It should be remembered that the peculiar behavior of tissue 
at the base of organs that may be shed, is not apparent until after 
the abscission process has been initiated. In sections through 
cluster base and pedicels that will hold, the tissue in this region 
shows same chemical and phy.sical properties as adjacent tissue. 

Under humid conditions and when not disturbed, separation 
takes place just below the lignified layer and along the upper row of 
cells in the abscission zone. Abscission, however, may occur soon 
after the process has been initiated and in such cases some of the cells 
in the separation zone may adhere to the detached organ. Under 
field conditions, detachment, no doubt, frequently occurs at this 
stage as a result of mechanical assistance of wind or gravity. 

The newly exposed scar formed under hiunid conditions is 
usually saucer shaped and suggests a partially healed pruning wound 
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with its roll of callus around the edge. The tissue corresponding 
to callus, however, is not entirely absent from the center of the scar. 
When seen under a hand lens, the surface of this tissue resembles 
that of the blackberry or osage orange, the cells being well rounded 
and irregularly arranged. Occasionally ragged edges of tom cells 
can be observed. The cells on the surface of .the scar separate, 
readily from one another. After a few moments exposure to dry 
air they collapse and assume a brown color. Several days later 
the scar becomes protected by a number of layers of suberized cells 
which appear to be continuous with layers of similar cells on the 
stem. Lignified tissue has not been observed in the protective layer 
of the apple and pear, but a distinct cork cambium often forms some 
distance below the surface of the original scar. 

Some Characteristics of Fruit Doomed to Fall 

Fruits that are doomed to fall can often be distinguished from 
those apparently set even before activity in the absciss region is 
discernible. This is especially true during cool, humid weather 
when abscission proceeds slowly. The fruits that hold gain more 
rapidly in size than those doomed to fall. 

Under humid conditions and if the abscission process does not 
proceed too rapidly, the fruit destined to fall tends to assume charac¬ 
teristics of maturity while still attached. The normal surface color 
occasionally developes, and the' flesh often has the characteristic 
color and aroma of ripe tissue. This is especially noticeable in 
cUvSe of fruits shed at more advanced stages. Pears and peaches 
which are forced to abscise several w’^eeks before they would normally 
mature become soft and edible even before they are separated from 
the stem. When placed in 95 per cent alcohol the tissue becomes 
dark brown as compared with the lighter brown color developed by 
tissue that holds. This probably indicates chemical changes that 
accompany abscission and precede maturity. 

When excised branches containing leaves and spurs with young 
fruits are exposed in relatively humid atmosphere so that transpira¬ 
tion is not too rapid, the fruits destined to fall will wilt in a few hours, 
while those apparently set remain turgid much longer, although 
they too will ultimately wilt. When all leaves are removed from 
the stem the large fruits often remain turgid at the expense of those 
that would soon drop. This behavior is no doubt due to difference 
in sap concentration, such as the following: 


Lot. Variety and Date Date 1919 

Depression of Preering Point 

n, 

. Fruit that Sets 
Degrees C. 

Fruits doomed to 
Fall 

Degrees C. 

1. Bartlett Pear.May® 

2. Bartlett Pear.J'lneS 

3 Pear .June 3 


OBOS 

0,7S8 

0B3S 

0.888 

0,700 (fattsid) 
1,1^ (wilted) 

4 .fUneS 

S: L^Ser apple .iugustB 

6. Beitigheimer apple.August 6 
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The figures presented are the averages of duplicate determinations 
of at least two samples from each lot. In most cases ground and 
macerated tissue was used instead of sap for the freezing point 
determinations. Tissue previously killed by freezing gave the same 
results as fresh material. Case 6 illustrates that data obtained from 
wilted tissue may be misleading. Incipient wilting commonly occurs 
under orchard conditions, and material obtained at noon on a sunny 
day would therefore give different re^sults than that obtained early 
in the morning. 

The difference in osmotic pressure between normal fruits and 
those expected to fall is also shown by the fact that the latter will lose 
weight more rapidly than the former, when both are detached from 
the spur and exposed to a drying atmosphere. For example, im¬ 
mature Bartlett pears exposed for 12 hours in the laboratory lost 
27 per cent of their weight while fruits destined to fall lost 40 per 
cent. Similar results were obtained with other varieties of the pear 
and apple. 

The catalavse activity of fruits that are doomed to be shed is 
less than that of fruits apparently set. This was shown by the 
following method: One gram of macerated tissue neutralized with 
calcium hydrate and mixed with 25 cubic centimeters of water, 
was placed in an oxidase apparatus where it was allowed to act on 
one cubic centimeter of neutralized hydrogen perioxde at 20® C. for 
five minutes. Under these conditions the tissue from normal fruits 
caused a pressure ranging from 0.4 cubic centimeter to 1.5 cubic 
cenitmeters of mercury, while that from doomed fruit was only 
one-third to one-half as great. When the volume of gas evolved 
was measured it gave the same relative results. 

Some Conditions or Treatments that Induce or Hasten 

Abscission 

The conditions of the flower is an important factor in the June 
drop that is easily overlooked. Abscission of flowers or young 
fruits usually follows injury from cold which may manifest itself in 
abnormal stamens and pistils. The flower is influenced in a similar 
manner by nutritional conditions. For example, when apple stems 
containing dormant flower buds are placed in a one-tenth to one- 
thousandth molecular solution of sodium nitrate, the flowers may 
open in spite of injury to the leaves. The petals of such flowers, 
however, will be smaller, and pale or greenish as compared with those 
of checks on twigs standing in water. The stamens are often dwarfed 
or entirely misshapen and the pollen from apparently normal anthers 
on nitrated flowers germinate poorly, if at all. Similar observations , 
have been made in connection with fertilizer experiments involving 
heavy applications of nitrogen. If nitrogen does not injure the 
flower it may help to hold the fruit as will be shov^m later. 

When the twigs are placed in sugar solutions, the leaves may be 
dw^arfed, but the petals of the flowers will be much larger and decidedly 
pinker than the checks. The stamens and pistils are usually large 
and well developed, and the pedicels are stiff and woody. Such 
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flow^ will often set and begin to form fruits on excised twigs under 
greenhouse conditions. 

The past season many pear and apple spurs produced flowers 
with stems only half ot even a third as long as normal for the variety. 
The stamens and pistils of such flowers were apparently normal, but 
nevertheless all were shed. These short stemmed flowers were 
frequently associated with weak spurs, especially in the case of the 
pear. As previously shown, the flowers on such weak spurs will be 
abscised in most cases unless they are effectively fertilized, even 
though flowers on strong spurs are retained by relatively poor fertili¬ 
zation. As compared to weak spur, the previous seasons' growth 
of vigorous spurs is longer, the new spur growth or cluster base is 
heavier, the bud leaves are more numerous, there are more flowers 
to the spur and the weight of the lateral growth is greater, all of 
which indicates an abundance of reserve food in adjacent tissue. 

Injury to the pistil of normal f\owers is generally followed by 
abscission even though injury to other portions of the flower may 
or may not be a.ssociated vnth the drop. If the fleshy portion of the 
fruit is removed, separation of the remaining stub from the stem 
invariably occurs within a week or two. The younger the fruits 
at the time the treatment was given, and the shorter the stub, and 
the weaker the cluster base, the sooner separation occurred. The 
time between treatment and final separation vanes also with the 
variety. Is self fruitfulness or self barrenness influenced by the ease 
with whch the potential abscission tissue is vStimulated into activity? 

If placed in a humid atmosphere, the terminal portion of the 
cluster base from which all flowers and bud leaves have been removed 
will be detached. AbvScission occurs just above the highest remaining 
leaf, flower or bud. If all leaves and flowers are removed from the 
cluster base, separation takes place just above the ring of bud scale 
scars. The healed-over wounds that remain in these cases are easily 
mistaken for fruit scars. 

Flowers will soon separate from spurs that have been exposed for 
a few>' moments to an atmosphere of illuminating gas; but such 
treatments wdll not alwavs force abscission of fruits. Entire flowers 
will fall sooner after being gassed than pedicel stubs from which 
the ovary has been removed before exposure. The stimulus seems 
to be more or less indirect. , . 

When the entire fruit is coated with grafting wax, abscission 
generally follows. However, fruits that are nearly mature hold 
much longer after such treatment than younger specimens.. Excised 
twigs with their ends standing in water and exposed to laborato^ 
air will lose their fruits much sooner than similar twigs exposed in 
the orchard. This no doubt is due to the difference in tempm-atuxe 

and also to the contamination of the laboratory air. i ^ . 

It is interesting to note that excised twigs will lo^ thm fmits 
even in pure air, provided they are not allowed to wilt. Partiauy 
developed fruits on excised twigs and ^ abundantly ^ supplied with 
water will increase in size even more rapidly than fruits cm attached 
twigs. Continued growth activity however is not possible in the 
former case and as a result fruits soon mature and fall. 
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Severe root pruning in early spring such as results from deep 
plowing of sod close to the trunk may be a factor in the abscission 
of immature fruit as it is in succulent organs of many other plants. 
A case has come to my attention when one side of a row of apple 
trees previously in sod was plowed in this manner just at the time 
the petals were falling. Most of the fruit from the plowed side of 
the trees dropped, while a good crop was held above the uncultivated 
area. Abscission commonly follows when the water supply is sud¬ 
denly reduced. The removal of roots on one side of peach trees in 
August, however, was not followed by any tendency of the fruits to 
drop nor by a noticeable reduction of their size as compared with the 
checks. 


Some Conditions or Treatments that Delay or Prevent 

Abscission 

Abscission of the pedicel stubs usually occurs within a week or ten 
days after the fleshy portion of the fruit has been removed. But if 
water is pulled through the stub by means of a suction pump, separa¬ 
tion is delayed. A drop of concentrated sugar solution placed on the cut 
surface of the pedicel has a similar effect. That the sugar solution 
actually draws water can be demonstrated by fixing a capillary tube 
to the pedicel stub. The column of liquid will rise in the tube 
containing sugar, w^hile it falls in a similar tube containing water 
only. The suction developed by the pump or by the sugar solution 
seems to act as a substitute for either the “pulling power of trans¬ 
piration” which apparently prevents abscission when an active 
leaf is held on detachable tissue, or for the osmotic force which is a 
factor in holding fruits with a high seed value. 

Water may he forced into the ends of excised twigs and will 
exude from the cut surfaces of pedicel stubs for several days. This 
treatment also delays separation. Water flows more readily from 
the pedicel stubs attached to strong spurs than from those attached 
to weak spurs. Abscission is delayed longest where the flow of w^ater 
is greatest. It is interesting to note that water may be forced through 
the flower stems even after the abscission zone becomes apparent. 

Petioles are soon separated from the stem after the leaf blades 
have been removed. However, when water is forced into the bass’ 
ends of excised twigs abscission of all petioles is delayed. Under 
such conditions the stubs in the basal portion of the twig hold longer 
man thosedn the terminal part of the same year's growth, but under 
normal conditions leaf fall generally ocairs latest on the ne^^er 
wood. This is probably because the young leaves receive the best 
supply of water and mineral nutrients. Older leaves located on strong 
nodes such as are commonly found near the end of the “first" or early 
twig growth, may hold longer than younger leaves produced on 
weaker nodes of the “second" growth. 

The following experiment shows that the presence of nitrogen 
in the tissue is an im'portant factor in delaying leaf fall. The increase 
in the set of fruit which sometimes results from early applications of 
nitrogenous fertilizers may be due to the same fundamental causes. 
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During the first week in September, 1919, three to six pounds of 
sodium nitrate were applied in a semi-circle under one side of each 
of several young and old apple trees. The leaves on the branches 
above the corresponding side became dark green within a few weeks, 
and they remained on the tree until killed by a freeze in the latter 
part of November. Those on the untreated portion of the tree 
turned yellow during the latter part of October, and practically all 
had fallen before the middle of November. 

Abscission of petiole stubs on excised apple twigs that were 
standing in a molecular solution of sodium nitrate for 12 to 24 hours 
occurred several days later than on those standing in water. The 
tissue in the bud shoulder may be injured by too much nitrogen and 
in such cases the dead petiole stubs adhere. A relatively strong 
solution of nitrate soon causes wilting of the leaf tissue. It is cer¬ 
tainly true that asbcission is inhibit^, or at least delayed, if the 
tissue is not turgid. But the presence of nitrate in some way or other 
seems to counteract the influences that hasten abscission even in 
turgid tissue. In this connection it is interesting to note that leaves 
on ringed twigs become stiff and leathery and they drop four to six 
weeks sooner than normal. They evidently become mature as a 
result of the accumulation of assimilates which probably cannot be 
utilized or tran.slocated without sufficient quantity of notrogenous 
material. 

When an excised spur with fruit is immersed in water abscission 
does not occur even though treatment has been given which is 
normall}^ followed by separation. The lentides on the immersed 
cluster base may produce white cellular masses indicating that the 
growth activity has not been entirely vsuspended. Enclosing cluster 
bases in a large sealed vessel containing either air or illuminating gas 
also prevents abscission. However, a coating of Rafting wax over 
cluster base and fruit pedicel does not delay separation. 


Concluding Remarks 

The facts here presented and those recorded in the literature are 
not sufficient to afford an entirely satisfactory explanation of the 
behavior of the cells in the abscission zone. Undoubtedly, the 
causes that stimulate or excite the peculiar changes in this region 
are associated with variations in nutrition and water supply. If 
the tissue above the plane in which separation may occur is abund¬ 
antly supplied with water and other substances that counteract 
maturity or favor translocation or utilization of assimilated material, 
conditions apparently are not favorable for manifestation of the 
meristematic nature of cells in the potential abscission zone. In 
many fruits effective fertilization helps to being about these desirable 
conditions, but it should be remembered that development of ^ds 
is only one of sever^ possible means of causing a set. Self fruitful¬ 
ness may be associated with the fact that the cells at the base of the 
pedicels of flowers on such varieties are not as easily stimulated into 
abscission activity as similar cells of self-barren trees. 
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Scion Root Production by Apple Trees in the Nursery 

By J. G. Moore, University of Wisconsin, Madison, Wisconsin 

'T’HE common practice in root grafting apples in Wisconsin is 
* to use a long scion. The purpose of the long scion is to permit 
placing the point of union of the graft at some distance below the 
surface of the ground in planting. The object of deep planting is to 
induce the development of roots from the scion, producing what is 
commonly known as “own-rooted” or “scion-rooted” trees. Many 
northern orchardists hold that the roots produced by scions from 
hardy varieties are hardier than the majority of seedling roots upon 
which they are grafted, and such trees are, therefore, much sought 
after in sections where winter root killing is likely to occur. 

This paper is a report on observations made of the behavior 
of grafts of various varieties commonly grown in Wisconsin as regards 
scion root production. Preliminary work was begun in 1914 and 
the work has been continued until 1919 when unfavorable conditions 
in the nursery stock made it inadvisable to incorporate data for that 
year with that previously taken. 

The trees observed have been largely three year old nursery trees, 
grown under conditions commonly found in Wisconsin nurseries. 
The only exception is in the case of those dug in 191K. The grafts 
producing these trees were planted at varying depths in order to 
study the effects of of depth planting upon scion root production. 

Four factors may possibly influence sdon root production by 
apples under ordinary conditions,—variety, soil moisture, depth of 
union below surface, and the character of the union made by the 
stock and sdon. Data were not taken as regards the last factor, 
but observations tend to support the conclusion that when poor 
unions occur sdon root production is encouraged. While age of 
the plant at digging is not a direct factor in influencing sdon root 
production, it does have a marked bearing upon the amount of 
root production at the time of observation. 


Effect of Variety 

There are wide differences in the ability of di fferent varieties to 
produce sdon roots. While there is some fluctuation from year to 
year in the relative percentage of trees of given varieties which 
produce roots, for the most part their relative ability holds fairly 
constant. Even when wide differences occur within the variety in 
Cerent years, the relative rooting of various varieties is reasonably 
ponstant. 

This tendency is clearly indicated in Table I. Trees showing 
any roots arising from the scion are classed as sdon-rooted. 
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Table I 

Sdon Root Production 



|l |il |i| 


Wealthy .. 150 57.3 145 
McMahon 100 76.0 440 
Whitney .. 50 42.0 360 

Wolf Riverl 30 46.6 218 
Patten.,. I 50 16.0 573 


145 47.5 3458 
440 58.1 799 
360 41.4 1049 
218 22.0 238 
573 12.1 860 


N’western . ] 
Okabena . 
Oldenburg : 
Pewaukee 
Hibernal . 


Livland . | 
McIntosh 
Hyslop ,. I 
Percies s . 
Transcend¬ 
ent . . 

Delicious , 
Windsor . 
Banana .. 


150 60.7 747 44.1 
40 12.5 275 24.4 
150 44.4 319 24.8 
75 34.6 121 86.1 
- 374 45.5 


44.1 1382 
24.4 1041 
24.8 1106 

86.1 536 


28.0 1138 
12.5 - 


5.1 4151 
11.0 663 
11.2 1791 

5.6 1540 


145 82.8 748 36.2 950 

298 35.6 302 7.0 721 

138 75.0 354 26.0 :141 

658 36.7 -- 

33 72.7 178 7.3 133 

4^ 1.5' 475 8.8 1114 

— —-— 5S4 

71 1.4-- 


26.2 243 25.9 ^.5 

66.2 330 68.5 59.3 
— 248 54.6 37.7 
56.4 — — 33.6 

6.8-7.4 


43.2 303 60.6 40.7 

44.5 — — 23.1 
29.8 278 26.6 27.4 

74.2 278 73.0 64.7 

56.6 — — 45.1 


54.6 295 95.9 69.9 1^ 
71.5 239 55.2 4S.4 1,680 
91.0 293 71.3 65il 1,326 
— 301 30.9 33.8 959 



9.6 2,108 

6.4 624 

1.4 71 


The fact that a scion produces some roots is not the only measure 
of its root producing ability. An attempt was made to^ roughly 
classify the sdon-rooted trees into two groups on the basis of the 
probable ability of the scion roots to support the tr^s in case the 
stock roots were lost. Such trees were classed as “Strong ^on 
rooted.” This classification was necessarily based upon the judg¬ 
ment of the person making the counts and while not absolutely 
accurate does give fairly reliable data. These data are presented 
in Table II. 

Two interesting facts are apparent in this table. With most 
varieties even after three years in the nursery, the number of trees 
having sufficient scion roots to support the tree is very small. While 
for the most part varieties showing a relatively large numba: of 
trees producing sdon roots also have relatively large numbers show¬ 
ing “strong scion roots” there are some notable exceptions as North¬ 
western and Pewaukee. 


Son, Moisture Favors Scion Root Formation 

Soil moisture is doubtless a very important factor in sdon root 
development. Nuisery stock grown under field conditions of soil 
and location which favor dry soil, produce fewer sdon-ro^ed trm 
with weaker sdon roots than when grown on moist soil. Table III 
^ves file data collected in 1915, the only season in which the trees 
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Taple II 

Number and Per Cent Strong Scion-Rooted 


Variety 

J916 

1917 

1918 

Aver- 

w 

Per 

cent 

Num¬ 

ber 

Per 

cent 

Num¬ 

ber 

Per 

cent 

Num¬ 

ber 

Per 

cent 

Wealthy. 

20 

.6 

12 

.3 

1 

.0 

.3 

McMahon. 

10 

1.3 

99 

8.7 

15 

5.0 

3.8 

Whitney . 

6 

.6 

— 

— 

11 

4.0 

1.5 

Wolf River . 

0 

.0 

7 

2.0 

— 


l.O 

Patten. 

0 

.0 

1 

.2 

— 


.1 

Northwestern. 

2 

.1 

53 

1.3 

1 

.3 

.6 

Okabena. 

16 

1.5 

38 

5.7 

— 


3.6 

Oldenburg. 

9 

.8 

14 

.8 

0 

.0 

.5 

Pewaukee .... 

9 

1 .0 

111 1 

7.2 

0 

.0 

2.4 

Hibernal. 

13 1 

3.4 

M ; 

9.3 

— 

j- 

6.3 

Li viand. 

9 i 

1.2 

1 

1.8 

48 

16.0 

6.1 

McIntosh . 

0 1 

.0 

66 ! 

9.2 

0 

.0 

3.1 

Hyslop. 

15 1 

4.2 

192 ! 

35.5 

43 

15.0 

18.2 

Transcendent. 

1 ; 

.7 

19 i 

14.3 

— 

— 

7.5 

Delicious. , 

4 

.9 

26 i 

1 

2.3 

— 

— 

1.6 


dug were so located as to make possible a collection of data relative 
to diflCerences in soil movsiture. 


Table III 

Scion Roots Produced Under Different Soil Moisture Conditions 


Variety 

Trees Observed 

Scion-Rooted 

1 

1 Strong 

j Scion-Rooted 

Moist 

Drv 

Moist 

Dry 

1 Moist 

1 Dn' 

Peerless. 

2a3 

311 

42.6 

31.4 

6.1 

5.8 

Northwestern. 

1 142 

328 

63.4 

24.1 

18.3 

2.7 

McIntosh.1 

94 1 

110 

56.4 

1 29.1 

21.3 

1.8 

Hyslop. i 

40 ] 

98 

1(K).0 

1 50.0 

100.0 

23.5 

McMahon.. I 

! 

31 

103 

87.1 

32.0 

58.0 

10.7 


Depth Factor 


Observations made in 1915 show'ed that although grafts were 
made with long scions for deep setting, in nursery practice there 
was wide variation in the actual depth at which the graft union was 
placed below the surface. These observations also indicated that 
scion root production was influenced by depth of planting. Arrange¬ 
ments were made with the nursery with which the work was being 
done to plant several thousand grafts of different varieties at varying 
depths. The scions were left approximately eight inches long. A 
representative of the college planted the grafts, measuring accurately 
the depth of planting. Because of soil conditions some of those to 
be set at six inches were not gotten to that depth, although the 
major portion were. The influence of depth of planting is shown in 
Table fv. 

















Table IV 

Per cent Scion Rooted^ Light Scion Rooted^ Strong Scion Rooted 
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The data show the depth factor to be of considerable importance 
in scion root production. While there are some instances in which 
decider planted grafts did not produce scion roots as well as the 
shallower set ones, for the most part the increase in root production 
is in proportion to the depth of planting. 

The effect of depth of planting upon scion root production is doubt¬ 
less an indirect one, the direct cause of better root production being 
the increased soil moisture surrounding the basal portion of the 
scion. 

Age 

As previously stated most of the work has been done with trees 
having made three years growth in the nursery. Some two year 
old trees have been observed, but the percentage of trees of this 
age possessing any scion roots was very small and the roots were 
mostly fibrous and of small diameter. In no case have we observed 
a two year old nursery tree growm under ordinary nursery conditions 
possessing sufficient roots to sustain it were the stock roots removed. 
It is clearly evident that if a large proportion of apple trees purchased 
by fruit growlers are to possess at the time of planting scion roots 
sufficient to support them, it will be necessary to devise some new 
methods of t)ropagation. 

Doubtless many of the long scion trees which show few or no 
roots at planting in the orchard, develop them within two or three 
years after planting. However, if it is not so, then the additional 
care and expense in propagating trees from long scion grafts as now 
practised is largely wasted. 


Some Results as to the Response of Fruit Trees to 

Pruning 

By W. H. Chandler, Cornell University, Ithaca, N. Y. 

^HE general purpose of the experiments with pruning being 
* conducted at Cornell University is to test systems of training 
for some of the different fruits. Recognizing, however, that the 
response of the tree to the pruning necessary to secure a given form 
is very complicated and might not be the same under different 
environmental conditions, records are being kept other than merely 
those concerning yield and top growth. If the responses can thus 
be measured in terms of more fundamental activities that determine 
yield or top growth, it is hoped that the data secured may be more 
tinstworthy for conditions similar to those under which the work 
is done, and more useful to workers in different environmental 
conditions. Necessarily, studies in training trees must for final 
results be continued through a large portion of the life of a tree and 
this can he considered only as a progress report dealing with young 
trees. 
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One response of the tree to dormant pruning, and usuailly to 
that done in early summer, is well known. Near the point where 
a portion was removed the new growth gives an appearanee of greater 
vigor. The leaves are larger and generally of a greener color, arsd 
the twigs continue length growth later into the season. It seems 
to be the general opinion that this increased vigor is explained by 
the fact that a reduced number of growing points and a reduced 
cambial area make use of the reserve food supply of the tree. This 
explanation seems to be open to question. Thus Kraus and Kraybill 
(1918) say: “Any pruning practice would certainly decrease the 
amount of storage materials actually remaining as a part of the plant, 
and in a large measure also the future synthesis of such material so 
that the relation of the nutrients in the plant to those in the soil 
about it, have been profoundly disturbed. That is to say top 
pruning, whatever its nature, would decrease particularly the avail¬ 
able carbohydrates and other stored substances in relation to the 
soil moisture and nutrients,'* Butler, Smith and Curry (1917) have 
published the results of analyses for starch, saccharose and other 
materials in the different parts of seven year old apple trees. I have 
dug up trees of that age, carefully collecting all of the roots and 
weighing and determining the dry matter percentage of the different 
parts. Then by using the percentages of starch and saccharose 
given by the above authors, I have estimated the actual amounts 
of starch and saccharose to be found in the different parts of the tree 
at the time the buds are swelling. The following table is for a 
seven year old Bismarck apple tree. 

Approximate amounts of dry matter, starch and saccharose at 
time buds are swelling, in case of a seven year old Bismarck apple 
tree that has been growing four years in sod. 


• Part of Tree 

j Pounds 
dry wgt. 1 

Pounds 

starch 

Pounds 

sac> 

charose 

1 year twigs. 

. 1 3.15 i 

0.98 

,12 

older branches. 

. i 21.00 1 

6.72 

.17 

Trunk ... . 

.! 15.13 1 

5.14 

.11 

Large roots. 

. 1 14.15 1 

5.43 

.28 

Small roots . 

...! 6.49 I 

2.37 

.06 


Of course it is probable that by the method of analysis for starch 
used here the percentages secured are far too large, but such a 
small percentage of the total tree weight is composed of twigs or 
small roots that even if in those tissues, the ones from which most 
growth is made, the percentage of starch were much the larger, the 
total amount might be relatively small. 

In addition to having been in sod this tree had borne several 
heavy crops, so the weight of the one year old twigs is smaller in 
proportion to the remainder of the tree than would be true under 
other conditions. Yet if all of the one year old twigs were removed 
it would constitute a rather severe pruning, certainly enough to add 
appreciably to the vigor of growth of the new twigs to be formed. 
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Yet the reduction in total carbohydrates for the tree has been very 
small. It would seem probable that the carbohydrate supply for 
the opening buds and cambial area left would be slightly increased, 
for a very large percentage of the opening buds would be on these 
twigs if they were not removed. Further, the cambial area of these 
twigs would be very much greater in proportion to weight than that 
in the trunk. The same should be true to a greater extent in case 
of the small roots, since they are much smaller in diameter. It 
would seem probable then that the reserve supply in twigs and small 
roots would be more quickly exhausted and that these would tend to 
draw upon the reserve in the trunk and larger roots and branches. 
Price (1915) found with apple trees that the starch disappears first 
from the younger wood. 

It does not seem probable, however, that this slight increase in 
reserve carbohydrate supply could account for the increase in vigor 
of twig growth, for this reserve seems rather quickly exhausted. 
Thus Price found that starch had nearly all disappeared from the 
live tissue above ground by eighteen days after the leaves began to 
open, and it had largely disappeared from the younger wood within 
a few days after the leaves were opening. The concentration of 
soluble carbon compounds seems also very greatly to decrease as 
growth begins. Since only about 15 per cent of the osmotic con¬ 
centration of the bark sap seems to be due to the action of electrolytes, 
the freezing point of the sap seems a fair measure of the amount of 
soluble carbon compounds prcvsent at diflerent seasons. The follow¬ 
ing table gives the freezing point depression of Ijark sa]) of Elberta 
peach and wild sweet cherry twigs. Records for the apple show 
similar results. 


191() 


March 25 . . 
April 17 . . 

May 3. 

Mlay 10 ... 

June 1. 

June 19.... 

July 6 . 

August 17 .. 
October 5 . 
December 29 


Elbcrla Peach 

I 


Preczini? 

i 

point 

Moisture 

depres- 

per¬ 

i Sion 

centage 

1 


3.010 


2.096 

. - 

1 1.880 

— 

1.378 

— 

1,540 

59.2 

1.810 

— 

2.158 

— 

2.230 

62.0 

2.233 

2.567 

54.6 


jWild Sweet Cherrv 


Freezing 

* 

point 

Moisture 

depres¬ 

per¬ 

sion 

centage 



2.255 

— 

1.485 

_ 

1.295 

— 

1.120 

60.1 

0.985 

— 

1.553 

— 

1.730 

61.4 

1.763 

— 

2.563 

54.3 


This tissue was not killed before freezing, but a number of trials 
indicate that while the concentration of the leaf is greatly increased 
by killing before the sap is expressed, no increase results in case of 
the bark of apple, peach, and sweet cherry twigs. In case of the 
peaches the leaf buds were open enough for the outer leaves to show 
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the midrib by May 5, and full bloom was May 18-22. The sweet 
cherry was the same as to leaves, and full bloom was May 12-14. 
It will be seen that the high concentration due to the reserve supply 
is rather quickly exhausted when growth starts. This decrease in 
concentration seems just as rapid in case of the pruned trees. If 
the reserve supply were responsible for the increase in vigor due to 
pruning, then pruning after this reserve is exhausted should not give 
the increased vigor. Yet there seems to be no measurable difference 
in resix>nse between pruning at blooming and earlier; and pruning 
as late as June 1 at Ithaca, on the year the above recoils were taken, 
gave results similar to those following dormant pruning. 

Pruning by reducing the number of growing points reduces the 
leaf surface of the tree, as will be shown from experimental evidence 
later. This by reducing transpiration should reduce the demand 
for water from the roots. By reducing the number of growing 
points and the amount of cambial area, it should reduce the demand 
for mineral nutrients. Since during the season of rapid growth the 
carbohydrates supply continues low, being used for top gro> 5 rth, it 
would seem probable that early spring and summer root growth 
would be made largely from the reserve supply, and might be in¬ 
fluenced rather slowly by the reduced carboyhdrate supply in the 
tof) of the pruned trees due to the smaller leaf surface. The root 
system then should be nearly as large during the season of rapid 
top growth as if the tree had not been pruned. There would, there¬ 
fore, be the same water and mineral nutrient supply for a smaller 
tree. It would seem probable then that the increased vigor of top 
grow^th would continue until the reduced size of the tree would be 
balanced by a reduction in root growth due to the reduction in leaf 
surface. Further evidence that this may be true will be given a 
little later. 

If the abo\^e theory were true, then we should expect that in spite 
of the temporarily increased vigor of twig growth in the reduced 
number of twigs, pruning must be a dwarfing process. That is, 
not only is the tree reduced in size to the extent that the wood is 
removed, but if the leaf surface is reduced the amount of new growth 
must in the end be reduced. It would of course be expected that 
the extent of the dwarfing might be influenced by the nature and 
length of growing seasons and by the growth habit of the variety. 
Thus in a section where the growing season is so long that the first 
leaves formed may have ceased to function long before the end of 
growing weather, and where leaves formed late might still have a 
long season in which to function, it seems possible that pruning 
might have less of a dwarfing effect. 

That pruning does have the dwarfing effect, Pickering has given 
rather conclusive evidence for the climate of England. Fx>t the 
climates of different sections of America so many workers have given 
evidence more or less conclusive that it does not seem best to review 
it in this brief paper. While Pickering's work seems strongly to 
indicate a reduction in growth as a result of pruning, his most striking 
result seems very misleading. In this he used, instead of whole 
trees, individual shoots on the same tree. This of course would 
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tend to reduce the error due to the great variation among trees, but 
it introduces a constant error in favor of the unpruned •shoots. The 
pruned tree tends to reduce the dwarfing effect of pnming by in¬ 
crease vigor of growth during a portion of the first season after the 
pruning. If we are correct in assuming that the increased vigor 
of g^wth results at least partly from the fact that the water supply 
furnished by the undiminish^ (or but slightly diminished) root 
system goes to a smaller leaf surface, then if only a shoot on a tree 
were pruned the increase in vigor of new shoots from it would be 
less than if the leaf surface on the remainder of the tree were reduced 
by pruning. To test this, shoots on three year old nursery trees 
were selected, one on each tree. On half of the trees this shoot only 
was pruned back to one-half its original length, while on the other 
half shoots of the same length were pruned back one-half, but the 
remainder of the shoots on the same tree were pruned to about the 
same extent. At the end of the growing season the new growth was 
measured on the originally selected shoot from each tree. The 
following table gives the results: 

Nursery Stayman Winesap, igig 


Treatment 


Tree pruned . 

Tree unpruned .... 



Average twig 

Average twig 

Number of 

length inches, 
before pruni'g 

length inches, 

trees 

after pruning 
May 23. 1919 


May 2a, 1919 

80 i 

! 29.2 

9.9 

30 ! 

29.2 

1 

9.9 


Inches of new 
RTowth from 
each pruned 
twig 

Sept. 20, 1919 


32.0 

9.9 


These trees were closely planted and the season was dry, so the 
moisture supply was probably more largely the determining factor 
than it would be under average conditions. A record of the growth 
on the unpruned branches of the trees where only the experimental 
branch was pruned, was not kept. However, in some other trees 
in the same row some of the branches were pruned back to one-half 
their length, while other branches on the same tree were left un¬ 
pruned. The following table gives the results. 



Number of 
branches 

1 Number of 

1 new shoots 

1 to branch 

Average 

shoot 

length j 

Inches 

New growth 
from one 
branch 
Inches 

Unpruned.^. 

• 19 

7.5 

8.9 

62 

Pruned . 

21 

1 

5.5 

7.2 

39 


Without question these results would have been different if the 
pruned branches had been on different trees, the entire tops of 
which were pruned in the same way. It seems that the pruned 
branches have actually been at a disadvantage in the competition 
for water, which must have been the limiting factor as to growth 
under the conditions of this experiment. Of course, if the water 
supply had been abundant, it is probable that different results 
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would have b^n secured; but the fact that a change in enviromnent 
may so markedly change the relative response of pruned and un¬ 
pruned branches^ makes it clear that different branches on the same 
tree cannot be used in pruning experiments. These data tend to 
explain the ease with which one branch on a tree is suppressed as 
compared with the others, by pruning. 

In the pruning experiments at Cornell Universit 5 ^ which in¬ 
clude about 15(X) trees, the dwaiffng effect of pruning has been 
naeasured not alone by yield and trunk girth, and in some cases twig 
growth, but also by leaf surface, and in some cases by the top and 
root weight of trees that have been dug. This brief report will 
be confined largely to results with these last. In all cases where leaf 
surface is given, the leaves were actually counted on the trees, and 
the average leaf area determined by measurement with a planimeter. 
The leaf samples were taken by beginning at the base of the branches 
and removing sample leaves at intrevals outward to the end. In 
case of small trees but two sets of samples were taken from each 
tree, and the average areas secured from each sample compared. 
In the case of large trees as many as four sets of samples to the tree 
were secured. With apple and pear trees it was found impossible 
to collect mixed samples of spur and twig leaves and secure accurate 
results. Spur and twig leaves were therefore kept separate, and thus 
with large trees there would be eight sets of samples, four of spur 
and four of twig leaves. By this method not only was much greater 
accuracy secured, but by knowing the spur leaf area one would 
have a close approximation to the leaf surface at the beginning of 
the growing season. By this method also a longer period was avail¬ 
able in which to do the leaf counting, since spur leaf counting may 
begin very soon after growth has started, while twig leaf counting 
cannot begin until after length growth has ceased. 

In some nursery trees one year from the graft, selected as care¬ 
fully as possible for uniformity in size, the opening buds were rubbed 
off the trunk to a height of about eighteen inches, while check trees 
receiving no pruning were measured and the leaves coimted at the 
same time. At the end of the season the trees were carefully dug, 
all of the small roots being searched out of the soil and preserved. 
The roots w^ere separated from the tops at the graft unions. The 
following table gives the results. 


Nursery Delicious, igij 


! 

Treatment 

I 

Number of 
; trees 

1 

Average 
number of 
leaves before 
pruttifv 
June, 1917 

Average 
number of 
leaves after 
pruning 
June. 1917 

Average 
number of 
leaves 

Oct. 19.1917 

Weight of 
tops, grams, 
Oct. 19,19X7 

Weight of 
roots, gramst. 

Oct. iCwiT 

Pruned ... 

16 

173.2 

44.0 

149 

168.2 


Unpruned j 

14 

145.3 

''' ’ 

272 

236.6 



It will be seen that although, as measured by the numW of leaves, 
the pruned trees were the larger at the bejpnning of the exper^nt, 
the weight of the tops of the pruned trees is but 67, per cent oi that 
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of the unpruned trees, and the weight of the roots but 72 per cent, 
after a season of growth. On the following year other trees in the 
same nursery planting, 113 in number, were carefully graded as to 
si 2 e; some were unpruned, while some had the lower branches 
removed to a height of about twenty inches, and others, in addition 
to this pruning, had some of the higher branches shortened back. 
Generally for each unpruned tree another tree of the same size was 
pruned by each of these methods; but sometimes when three trees 
of the same size could not be secured, one was unpruned, and the 
nearest tree to that size was pruned by one or the other of these 
methods. The following table gives the leaf surface after length 
growth had ceased, and the weight of the roots and tops at the end of 
the growing season. 


Nursery Delicious, iQiS- 


Treatment 

Number of 
trees 

Average leaf | Average leaf 
surface before surface after 
pruning, { pruning, 
square inches' square inches 
May 23. 1918 May23, 1918 

1 

Average leaf ’Average root 
surface I weight 
Sept. 17. 1 May 19. 191 ' 

1918 1 1919, grams. 

. ’ . ... 1 

Average top 
weight. 
May 19, 
1919, grams, 
(-f prunings) 

Unpruned 
Little prun¬ 

41 

756.48 

756.48 

1737.94 

208..5 ' 

I 

684.0 

ing .... 
Mucn prun¬ 

33 

819.14 

470.27 

1219.80 

i 166.9 , 

558.3 

ing .. . 

39 

775.70 

291.61 

895.90 

, 125.3 

494.3 


It should be borne in mind that these trees were two years from 
the graft when the pruning was done, and the reduced size of roots 
and tops is caused by a reduction in growth during one season only. 
Thus we may assume that at the beginning of the experiment the 
root and top weight was approximately that of the unpruned trees 
in the previous table. Deducting that weight from the weights of 
pruned and unpruned trees in this table, we have, as the top growth 
made during the summer in which the experiment was conducted, 
for unpruned trees 447 grams, and for the more severely pruned trees 
257 grams. Thus the growth made during that summer by the more 
severely pruned trees was but 57.5 per cent of that made by the 
unpruned trees. By the same method of calculation the growth 
made by the roots of the more severely pruned trees was but 52.5 
per cent of that made by the unpruned trees. 

It is well known that as peach trees become older the twig growth 
comes to be very small unless the trees are pruned somewhat severely. 
This of course is true in a measure of other fruit trees, but peach 
trees reach that condition much younger than others. It was 
thought possible that there might develop in the peach tree resistances 
to water movement that would cause this decline in growth, and that 
this condition might be such an important limiting factor as to be 
greater than the effect of a reduced leaf surface through pruning. 
While it is well known that under reasonably favorable moisture 
conditions a peach tree rather severely pruned will be smaller than 
an unpruned tree, it was thought possible that the total growth, as 
shown when the weight of the prunings is added to the weight of the 
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tree, might be as large or larger. In the spnng of 1916, ten four 
year old Elberta peach trees were carefully paired as to size at that 
time, and one of each pair was pruned rather severely, the cutting being 
back into two year old wood. On the following spring all one year 
old wood was removed again from the pruned tree. It was thought 
possible that even though the leaf surface might be nearly as great 
on the pruned tree at the end of the season as on the uhpruned tree, 
the total leaf surface available throughout the summer might be 
greatly reduced on account of the very small leaf surface on the 
pruned trees during early summer. The leaf surface was therefore 
determined both in June and in September. The following table 
includes a report on this experiment, and one on four Crawford Early 
peach trees, two of which were pruned in the summer of 1916 and 
spring of 1917; and four other Crawford Early trees, all of which 
were unpruned in 1916, but two of which had the one year old wood 
removed in the spring of 1917. 


Effed of Pruning on the Leaf Surface and the Top and Root Growth of Peach Trees 
4 Years Old at the Beginning of the Experiment 


Treatment 

Average leaf 
surface 1916 
' square inches 

i 

Average leaf 
surface 1017 
square inches 

Tree 

weight 

pounds 

Tree 
weight 
+ all 
prun- 

Root 

weight 

pounds 


, June 

Sept. 

June 

Sept. 

ings 

pounds 

Elberta 








Pnmed 1916& 1917 ... 

14239 

80659 

31209 

59579 

96.3 

116.4 

27.4 

Unpruned. 

24771 

97850 

98169 

116344 

1116.3 

116.3 

37.3 

Crawford Early 
limned summer 1916 

2202 

50034 

18904 

68070 

1 75.8 

97.4 i 

20.9 

spring 1917 . 








Unpruned. 

17886 

85721 

' 74389 

142920 

I 111.9 

111.9 

:}4.6 

Pruned spring 1917 . . 
Unpruned . 


1 

i 40681 
114516 

7956;i 

144911 

' 126,3 
131.7 

134.7 i 

131.7 i 

34.9 

44.9 


It will be seen that in all cases the leaf surface has been rather 
markedly reduced. On the other hand, except in case of the summer 
pruned trees, when the weight of the prunings has been added to 
that of the tree, the total top weight of pruned and unpruned trees 
is practically the same. The root growth, however, has been greatly 
reduced. When it is considered that this reduction in growth has 
occurred during the last two years of the six years during which 
the trees have been in the orchard, it will be realized how striking 
the reduction is. Thus if at the beginning of 1916 the roots weighed 
15 pounds, then the root growth on the unpruned trees since that 
time has been nearly twice that on the pruned tree. Unfortunately 
we have no records as to the root weight of trees four*years old* but 
it must have been ten pounds or more, since by records that we have 
the tops would then have weighed from 30 to 35 pounds. If the 
root weight at the beginning was ten pounds, then the root growth 
in the pruned trees since that time has been but 65 per cent of 
that made by the unpruned trees. 
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Thus it seems that with a greatly reduced leaf surface the pruned 
trees of this age have made as large a top growth as the unpruned 
trees, while the root growth has been greatly reduced. (It should be 
said that fruit was not borne on any of these trees during the experi¬ 
ment.) It seems probable that pruning, by reducing the leaf surface 
and the numter of growing points, has thereby increased the water 
supply or the mineral nutrient supply, or both, to the growing points 
left, and thus, in line with the views of Kraus and Kraybill, has made 
possible a more complete use of the carbohydrates in top growth. 
Since for North American soils there is no recorded response in 
growth by fruit trees to applications of other elements than nitrogen, 
it seems possible that this increased top growth of pruned trees may 
have resulted from an increased nitrogen supply to the growing 
points. Fortunately, we have evidence as to the relative response 
in root and top growth to applications of nitrogen. In the spring 
of 1918, 65 peach trees were planted in the same orchard in which 
the above trees were grown. This is a sandy soil so low in nitrogen 
that only very poor corn crops could be grown unless nitrogen were 
applied. On 35 trees divided into three plots, one-half pound of 
nitrate of soda to the tree was applied in the spring of 1918,and three- 
fourths of a pound in the spring of 1919. No nitrogen was applied to 
the other 30 trees which were in two plots. It should be said that 
the trees were weighed when they were planted. At the end of the 
season of 1919 they were carefully dug, and root and top weight 
secured. Those unfertilized trees adjacent to fertilized trees were 
influenced somewhat in their grow'th by the nitrogen applied to the 
fertilized trees. In the following table the left hand column gives 
data for all fertilized trees, the middle column for all unfertilized 
trees, and the right hand column for all trees in the unfertilized 
plots that were not near enough to any fertilized tree to be influenced 
by the nitrate applied. 


Effect of Nitrogen on Relative Grmvth of Root and Top of Peach Trees 



Perti- 

Uxed 

with 

sodium 

nitrate 

.35 

trees 

Unfer¬ 

tilized 

30 

trees 

Uttiik-d 

fiucnc‘ 

fertili¬ 
zer 15 
trees 

Averaige leaf surface 1916, square inches . . 

9519 

7351 

6553 

Average leaf surface 1917, square inches. 

24253 

13075 

10140 

Average leaf surface for both combined, square inches 

33772 

20425 

16693 

Average weight of top after deducting weight at planting, lbs 

8.71 

5.24 

4.28 

Average dry weight at tc^ growth, lbs. 

4.96 

2.99; 

2.44 

Average weight of roots after deducting wgt. at planting, lbs. 

2.92 

2.23 

1.99 

Average dry wd^t of root growth, lbs. 

Pounds of dry matter produced by 100,000 square inches of 

1.55 

1.18 

i.a5 

leaf surface ,as top. 

Pounds of dry matter produced by 100,000 square inches of 

1468 

14.64 

14.62 

leaf surface, as leaves . 

Pounds of dry matta* produced by 100,000 square inches of 

10.78 

11.04 

11.08 

leal surface, as roots... 

4.59 

5.77 

6.29 
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It is evident that while the nitrate has increased both top and 
root growth, it has not ii^eased root growth to aa large an extent 
as it has increased top growth. Thus, while the top growth of the 
fertilized trees is twice as great as that of the unfertilized trees, the 
root growth is only 50 per cent greater, or in other words, while a 
given leaf area has produced the same amount of dty matter as top 
growth in each of the 3 classes, the same area has produced 40 per 
cent more dry matter as roots on unfertilized trees than on those 
receiving nitrogen. 

It seems probable then that when the nitrogen supply is abundant 
in the top, carbohydrates from the leaves are used for top growth in 
larger proportion than when the nitrogen supply is more limited* 
I know of no conclusive evidence that abundant water supply may 
have this result, but it seems probable that any condition which 
encourages vigorous top growth might have it, and there is circum¬ 
stantial evidence that increased water supply may have this effect. 
Thus, during the summer of 1017 the rainfall at Ithaca was very 
great throughout the summer, and there was so much cloudiness 
that evaporation must have been very low. Trees in well drained 
soil made exceptional top growth. In the following spring, however, 
such trees, even when no winter injury could be found in root or 
top, made very short growth. The following table gives the leaf 
surface on such trees. 


Effect of Pruning to Secure Modified Open Head on the Leaf Surface of Young 
Apple Trees, All Measurements in Square Inches 


1917 1918 

1916 I Average leaf stirface Average leaf surface 
Pruning Aver- 

age ' ■ ■ , . 

surface j | Twig | Total Spur Twig I Total 


Northern Spy . Little 2400 1330 8001 - 9331 1891 7179 

Open Head 1890 761 7145 7906 1302 6825 


Twenty Ounce . Little 


1893 464 10278 il0742 I 1610 7184 8794 


Open Head I 1563 292 1 8l3;i 8425 1389 6432 I 7821 


Jonathan. .. 



Delicious 


It will be seen that with every variety but one the leaf surface 
is actually smaller in 1918 than in 1917, although that of 1917 is 
4 to 8 times that for 1916. The explanation of this would seem to 
be that because of the favorable conditions for growth the carbohy¬ 
drates were used so completely for top growth that they did not 
move to the roots in sufificient quantity for large growth. 

The root surface at the beginning of 1918 being very small m 
proportion to the initial leaf surface, growth soon cea^ on kcotmnt 
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of the instifficient water supply. It would be expected that when 
twig growth ceased there would be an abundant supply of carbohy¬ 
drates and that root growth would be accelerated and that later 
there might be a second twig growth. Such a second growth occurred 
on nearly all trees and especially on those that made the smallest 
initial twig growth, the Jonathan and Banana. These prob¬ 
ably made the smallest initial twig grow»th because they had the 
largest spur system and, therefore, the largest initial leaf surface. 
The leaf surface given above, of course, includes that on the second 
gi'owth. 

To me these data strengthen the views expressed in 1914 that 
the increased vigor following pruning results not from increased 
carbohydrate supply, but from increased water supply, and as 
Kraus and Kraybill have suggested from increased nitrogen supply. 
This increase may result from the fact that during the early portion 
of the season the root system would be but slightly reduced while 
the transpiring surface and the number of growing points may be 
greatly reduced. On account of the reduced leaf surface to supply 
carbohydrate, however, root growth is eventually greatly reduced, 
so unless the pruning is very severe or is repeated, the increased 
vigor may not be evident by the following season. At any rate, 
unless the pruning is repeated there will come a time when the 
reduced transpiration, due to pruning, will be balanced by reduced 
root growth, resulting from the same reduction in leaf surface. 

The last table was prepared to show the effect of the pruning 
necessary to secure an open head on the leaf surface of the trees. 
As would be expected, the leaf surface comes to be reduced as com¬ 
pared with trees permitted to follow their natural habits of growth. 
It will be seen that the reduction in leaf surface comes largely in the 
spur leaves. This, of course, would be expected. The following 
illustration gives an idea of the form to which these trees are pruned. 

Effect of Pruning to Secure a Modified Leader, on Leaf Surface and Yield of Young 

Apple Trees 


Average leaf surface 1916, square inches . .. . 

Average spur surface, 1917, square inches 
Average twig surface 1917, square inches . .. 
Average spur + twig surface 1917, square inches 
Average spur siarface 1918, square inches 
Average twig surafee 1918, square inches . 
Average spur -f twig surface 1918, square inches. 

Average yield 1915, pounds. 

Average ^eld 1916, pounds .... .... 

Average yield 1917, pounds. 

Average yield 1918, pounds. 

Average yield 1919, pounds. 


Littk 

prun¬ 

ing 

Open 

Dif. 

head 

fetence 

41499 

39532 i 

1967 

38944 

27692 1 

6252 

27710 

i28436 , 

- 726 

61654 

156128 I 

1 5526 

43180 

;13891 1 

1 9289 

20528 

23839 -3311 

63708 

57rao 

5978 

3.3 

2.1 

1.2 

54.1 

23.6 

30.5 

41.7 

36.7 

5.0 

96.4 

64.0 

32.4 

114.1 

60.3 

53.8 


There are generally five branches, the upper of which is the 
largest, the purpose of this being to give strong unions and avoid 
forks. To secure this form it may, therefore, he necessary to cut 











RESUIwTS TO THE RESPONSE OP PRUIT TREES TO PRUNING 99 

back some or all the other branches. In addition the secondary 
branches of each main branch are so pruned that there will not be 
much interweving of the branches. Nothing is cut off, however, 
unless the necessity is evident, so as a matter of fact less pruning is 
done than is commonly done by growers to secure no particSar 
form. The pruning necessary, however, has reduced the leaf surface 
and, therefore, probably the growth. It has reduced the yield of 
young trees even more largely, however, as the following table gi\nng 
records from 24 trees, 9 years old, composed of Baldwins, Rh^e 
Island Greening, McIntosh, Wealthy, Oldenburg, Tompkins King* 
and Northern Spy, will show. 

While the fruiting has been rather markedly reduced the leaf 
surface has been reduced but slightly. This would be expected 
with apples and pears, since most of the fruit is borne from spurs, 
and even if the increased vigor of twig growth, due to pruning, were 
sufficient to bring the leaf surface to normal by the end of the season, 
the number of spurs would be reduced. The difference in leaf 
surface is, of course, reduced by the heavier fruiting of the unpruned 
trees. Pickering has shown that fruiting dwarfs markedly. 

In our training experiments, we use various forms of the open 
head and various methods of securing the same and the typical 
central leader tree. As we have done the work, it has taken less 
pruning to secure this form than the open head form described above. 
Thus, taking adjacent trees in one-half of the 9 year old orchard 
including the .same varieties as those in the above table, the average 
amount of wood pruned from a tree during the five years from 1914 
to 1918 and the yield were as follows: 



Little 

prun¬ 

ing 

Cen- * 
tral 
Leader 

open 

Head 

New wood, pounds. 

Old wood, pounds. 

Yield, pounds . 

1.14 

1.77 

264,21 

3.42 

2.49 

220,97 

5.98 

4.22 

200.10 



From the other half of the orchard which contained McIntosh, 
Wagener, Oldenburg, Twenty Ounce, and Wealthy, the average 
amount of wood pruned from a tree during four years from 1915 to 
1918 and the yield were as follows: 



Little 

Pruning 

Central 

Leader 

open 

H^d 

New wood poutids. 

0.29 

1.73 

2.23 

Old wood pounds. 

1.07 

1.44 

2.43 

Yield, pounds ,. 

333.81 

307.62 

254.19 



The new wood is 1 year old and the old wood is 2 years dd aaid 
thickly set with spurs. Of course, it is the removal of this new 
wood that will reduce the leaf surface of the tree. It is that wood, 
too, from which fruiting spurs will come. 

More pruning has been given the trees trained to an open head 
than trees train€d to the central leader. It should be said, however. 
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that while all of the trees pruned for the open head are growing 
satisfactorily into the form described above, not nearly all of the 
trees prun^ for the central leader are developing satisfactorily 
into that form. In fact not only has the pruning been insufficient 
to force the trees into that form, but we now find that the branches 
have been left too thick, and in 1919 in that half of the orchard 
containing Baldwin and Rhode Island Greening more new wood 
was cut from these than from the open head trees. It seems probable 
that such varieties as Wagener, Wealthy, Rome Beauty and Northern 
Spy may be trained to the central leader form with a little less pruning 
and, therefore, less dwarfing than is required to secure the open head 
form described above. On the other hand, spreading varieties 
like Baldwin, Rhode Island Greening, Jonathan, and McIntosh, 
will have to be pruned the more severely to secure the central leader. 
Permitting the tree to follow its natural habit of growth with only 
crossing branches removed, certainly results in the largest yield 
while the trees are young. However, all of the split and broken 
trees in our orchard have had that kind of prying. 

It would be expected that in case of specie.s bearing fruit from 
lateral buds or one year twigs, pruning to shape the tree would 
reduce the fruiting of young trees less than in case of spur bearing 
trees. We have been unable to study this problem in case of peaches 
and have as yet but meagre data from our cherry trees, but plum 
trees pruned to the same form of open head described for the apple 
and receiving as severe pruning, have more nearly equalled the 
unpruned trees in their fruiting. Thus, the open head plum trees 
have yielded 92 per cent as much as the unpruned trees in case of 
Reine Claude, 79 per cent as much in case of Burbank, 74 per cent 
as much in case of Shropshire and 99 per cent as much in case of 
German Prune. With these fruits as yet, pruning does not seem 
to have affected the yield through any marked stimulating effect 
on fruit bud formation or twig growth. The reduction in fruit 
borne seems to have resulted almost entirely from the reduction in 
size of the trees. Nearly all trees have fruited heavily enough to 
require thinning. 

We have given but slight attention to the problem as to the best 
season for pruning. Pickering seems to find summer pruning to 
dwarf slightly more than dormant pruning. The evidence in America 
largely concerns the effect on fruiting only, and is very conflicting 
as to that. It is not easy to say when summer and dormant pruning 
have been equally severe. Thus, if dormant pruning is compared 
with pruning during the summer following and equ^ amounts of 
wood are removed, then the summer pruning removes a smaller 
percentage of the top, since that has increased in size. It would be 
expected that with equally severe pruning that which is done in 
summer would dwarf most since a large amount of foliage is removed 
before it contributes much to the growth of the tree. To test this, 
Northern Spy treas 3 years from the grdft were left unpruned, pruned 
as growth was starting, and pruned on July 9. 

The length and position of each 1918 twig was recorded before 
any pruning was done. Then 3 trees with as near to the same 
twig Imgth as it was possible to secure them, were chosen. One 



RBSUL*ra TO THB &B6i»OHSB O# Vkxnt fR]^S TO PftlTNlNG 


was marked for no pnming. On each of the other two oiough of 
the 1918 twigs to constitute one>half of the total ie^h were marked 
to be removed. These twigs were dic^en by beginning at the top 
twig of the top branch and taking every other one until enough 
were marked to constitute one-half of the 1918 twig length. One 
of the trees was pruned at once and the other one July 9. Thus, 
the summer pruning removed one-half of the 1918 twig length plus 
the 1919 growth. It should thus have removed one-half of the 
active top as the spring pruning had. 

The following table gives the results: 


Nursety Northern Spy, iqjq 


Pruning 

Num¬ 
ber of i 
trees 

Aver- 

twig 

length 

May 

20, 

1919. 

inches 

AveMc j 
leaf surface 
July 9,1919 
sq. in. 

Aver¬ 
age 
' 1^ 
^sniface 

1919, 
sq. in. 

Aver¬ 
age 
top 1 
weight 
Nov. 5, 
1919 
(fpru- 
mngs) 
lbs.. 

Aver¬ 
age 
root 
weight 
Nov. 6. 
1919, 
lbs. 

UnpruTied . 

20 

271.0 

2165:6 

2007.1 

1.66 

0.80 

Pruned May 20. 

20 

274.3 

2061.9 

1897.9 

1.81 

0.83 

Pruned July 9. 

20 

272.4 

1 

♦2195.4 

*•1142.9 

[ 

1265.2 

1.78 

0.88 


♦Before pruning. **After pruning. 

The summer pruning seems to have had a very marked dvrarfing 
effect while the spring pruning under the condition of this experiment, 
where the water supply was so limited as to cause some early leaf 
fall, seems not to have reduced growth. It should be bcatie in 
mind that the reduced size of the roots of the summer pruned trees 
represents the effect of the pruning during only the last of 4 sea^ns of 
growth. It is realized that what is present^ here is not different 
from what might have been expected. The pomologist working 
with as cumbersome a medium as trees can scarcely hope to make 
important contributions to our knowledge concerning the funda¬ 
mental nature of plant responses. On the other hand, ph3reiologicai 
Imowl^ge is so incomplete, and plant responses so complicated, 
that it certainly is not practical to predict the response of the tree to a 
treatment solely from evidence secured with other plants. It is 
with this justification that these data are presented. 
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Comparison of Fall, Winter and Spring Pruning of Apple 
Trees in Mixmesota* 

By W. G. Brierley, University of Minnesota, Si. Paul, Minnesota 

^HE effects of fall, winter and spring pruning have been the 
* object of study at the Minnesota Experiment Station since 
the fall of 1913. As in many other pruning projects, the orchard 
available at the time the work was started was not well suited to 
the study, but it was considered usable for preliminary studies. 
The orchard, although in sandy loam and cultivated regularly, 
was irregularly spaced and the trees were crowded with plum seed 
lings. Most of the trees were seedlings of Hibernal or Patten 
Greening, but some were seedlings from the Dartt collection. The 
orchard was planted by Prof. S. B. Green who intended to do fruit 
breeding work in it. Evidently regularity" in planting was not 
considered necessar 3 ^ as the number of trees in the rows varies from 
five to ten, the average being about six. 

When this pruning study was started in the fall of 1913, the trees 
were from eight to ten years of age and had not been pruned for at 
least five years. The first pruning in 1913-14 consisted largely of 
renovation. In 1914-15 and subsequent seasons the pruning gener¬ 
ally was the necessary^ follow-up of the renovation work. Observa¬ 
tions were made on the response of these trees to renovation, but 
will not be mentioned further at this time. 

During the first two seasons of the experiment the work was 
arranged so that a block of three rows was pruned in midwinter, and 
another of five rows was pruned in early" spring. In order to get a 
somewhat greater range of season, particularly to include late fall 
pruning, the work of 1915 Ifi and lOlfi- 17, was arranged so that the 
block previously pruned in midwinter was pruned a row i)er month 
during November, December and January". The block of five rows, 
previously pruned in the spring, was divied up so that a row was 
pruned in each month from February to June. In all cases the 
pruning work was done as nearly on the fifteenth of the month as 
weather permitted. Bad weather in 1914-15 set all the work back 
one month. Table I shows the time of pruning of each row during 
the four seasons. 

As might be expected, sorne of the winter pruning was done in 
near-zero weather, and in almost every winter month of the four 
seasons the apple wood was frozen when pruned. In two or three 
cases the trees were coated with ice. This statement is not intended 
as an effort to put winter pruning in the North in the category of 
outdoor sports, but to show that the winter pruning was done under 
conditions which were not generally supposed to be the most favorable 
to the tree. The pruning at other times can be considered as done 
under normal conditions. 

♦Published with the approval of the Director as Paper No. 192, of the Journal 
Series of the Minnesota A^cultural Experiment Station. 
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Row 


Table I 

Month of Pruning for Row and Season 


1913-H 


. December 
. i December 
. December 
. March 
. March 
. March 
. i March 
. i March 


1914-16 

1915-16 

January' 

November 

January 

December 

January 

January 

April 

February 

April 

March 

April ! 

April 

April 

May 

Apnl 

i 

June 


1916-17 


Novemb^ 

December 

January 

February 

March 

April 

May 

June 


Notes made during the growth seasons of 1914 and 1915 showed 
uniformity of growth. No noticeable differences separated the 
growth of the winter pruned trees from the growth of the spring 
pruned trees. Because of the apparent uniformity of growth, some 
way to roughly indicate' any lack of vigor was sought. In this 
preliminary study, particularly in view of the make-up of the orchard, 
it was not considered desirable to undertake extensive measurements. 
The longest shoot growth of the season was finally selected as a 
rough means of showing, not comparative \^igor, but lack of vigor. 
The longest shoots in each row were measured, taking at least one 
shoot to the tree This index obviously would not be satisfactory 
in a comparison of the season of pruning dealing with standard 
varieties planted in blocks. However, there were so many variables 
involved under the conditions of this preliminary work that it was 
considered as reliable as any other method would have been. Table 
II is a comparison of these longest shoots for the growing seasons of 
1916 and 1917. 

Table II 


Comparative Length and Butt Diameter^ of Longest Shoots from the Month-Rows 


1 

1 

Growth of 1916 Trees Pruned 
1916-1916 

Average of 6 Longest Shoots 

Growth of 1917 Trees Pruned 
1916-1917 

Average of 10 Longest Shoots 

Month 

Lenjjth in 
('entimeters 

Diameter in 
Millimeters 

Len^^th in 
C'entimeters 

Diameter m 
Millimeters 

1 

November. 

95.4 

7.9 

93.6 

i 8.9 

December ... . 

98.3 

8.2 

101.6 

9.3 

January . 

99.9 

8.9 

105.7 

9.0 

February. 

115.1 

8.9 

98.8 

8.8 

March. 

106.3 

7.9 

83.3 

8.4 

April. 

104.0 

8.7 

91.0 

i 99 

May. 

76.8 

1 6.8 

1 81.1 

8.7 

June. 

44.3 

i 4.8 

i 

j 89.0 

( 

1 8.3 

_____ _ 

... 

1.. .. 


1 


* Diameter taken 1 cm. above bud scars, avoiding buds. 


From the table it will be seen that the shoot growth of 1916 from 
fall and winter pruning was slightly less than the shoot growth 
from spring pruning (excluding May and June). The i^oot growth 
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of 1917 shows exactly the opposite development. The 1916 growth 
followed the last general heading back of the shoots. The trees 
pruned in May and June were pushing new growth rapidly, and since 
much of this new growth was at the tips of the older shoots it was lost 
in the heading back process. This accounts for the reduction in 
shoot length for these months. In the following year the pruning 
was largely thinning of the shoots without heading back, and the 
resulting growth for May and June compares favorably with the 
growth for the other months. In general, Table II shows that 
there was no detrimental effect upon growth chargeable to pruning 
in the late fall or in the winter under northern conditions. 

Considering the maturity of shoots, no difference could be noted. 
If the trees held their leaves late, they did so uniformly. If the 
shoots showed browning of the wood from venter injury, this too 
was uniform for all pruning .seasons. In the healing of wounds 
no difference could be detected which could be charged to seasonal 
effect, although when the wood was frozen the use of lopping shears 
often produced a splintered wound and torn bark in excess of normal. 

Comparing the amount of dying back of the tips of shoots, it 
was noted after the 1915-16 pruning that this dying was fairly 
uniform, no matter in what month the work was done. It was no 
more severe from fall and winter pruning than from spring pruning, 
or even from June pruning. 

The conclusions to be drawn from these observations are that 
fmining in fall or winter in Minnesota is not detrimental to tree 
vigor, maturity of shoots, hardiness of growth or wound healing, and 
that the tips of shoots pruned in the fall and winter do not die back 
more than the tips of shoots pruned at other times. Apparently 
the apple grower in Minnesota can prune at a time most convenient 
for him, just as growers to the East, South, and West are doing. 

Opportunity has been found within the past season to continue 
these studies in four representative orchards which will give an 
opportunity to work with a much larger number of trees and with 
common varieties such as Wealthy and Oldenburg. Conclusions to 
be drawn from the work in these orchards should be much more 
dependable than the conclusions from these preliminary studies, 
but the lack of marked seasonal effects in the preliminary work is of 
interest. 


Growth and Yield of Apple Trees 

By N. L. Partridge, Delaware Experiment Station, Newark, Delaware 

^HE present paper is merely a preliminary report of some results 
* secured in the experimental appla orchard of the Delaware 
College Agricultural Experiment Station at Newark, Delaware. 
The speaker desires to acknowledge the assistance and • councul 
given to him by Prof. C. A. McCue of the Department of Horticul¬ 
ture and Dr. Lamk^y of the Department of Plant Physiology of 
Delaware College. 



OHOWTH AKB YIELD OE At>PLE TREES 


Ids 


The orchard in question has now completed its tenth season’s 
^owth, and all the varieties mentioned herein have produced fruit 
in six seasons. The yield is increasing year by year and the trees 
have not apprda<3ied thdr maximum in any variety, the crop of 
1919 beihfe fife dbftifiilied to ITlfe gfoivtfi measurements 

are obtaffiM tjy ffie eircdhrf^frehce of feacli tree at a nail 

driven ih the tfUfik abdUt a foot at)Ove the grcmtld. The yield is 
obtained by weighitig the fruit and the figures given herewith include 
both piciked fruit Uhl drops. 

The frees discussed aie a |Kirtion of the trees gtd^ing on the apple 
fertilizer plots knd eire, therefore, subjected to very Afferent treat¬ 
ments on the different plots. Although some of the varieies of 
apples in this block arte omitted, no tree of the varieties discussed 
has been omitted from the calculations unless it has been removed 
from the orchard during the progress of the experiment or planted 
at a more recent date than the balance of the trees. There is a 
certain amount of crown gall in this orchard which appears to be 
quite significant in the growth and yield of the individuals affected. 
However, these trees are included as a complete census of the diseased 
trees has not been made. 

The records of this orchard show that there are very considerable 
differences in the yield of the different apple trees in the orchard. 
A similar variation was found to occur in the growth that the dif¬ 
ferent trees were making. Although the difference in the growth 
and yield of individual trees in a fertilizer experiment are probably 
greater than in an orchard receiving uniform treatment, still similar 
differences are characteristic of the most unifofrn of orchards. This 
is apparent to anyone who has noticed the wide variation of results 
obtained on trees growing on a small uniform experimental plot. 

This pa|^ is an endeavor to find out what relations, if any, exist 
between the growth and yield of Jonathan, Yellow Transparent, and 
Stayman Winesap trees growing under the conditions mentioned 
above. It should be borne in mind that the trees are still young 
and have not developed settled bearing habits and that there is a 
wide deviation in the amount of fruit borne by trees making the 
same amount of growth in a stated period. However, even though 
positive conclusions are premature, indications of the relation be¬ 
tween these two functions of a tree are pronounced. 

The ordinates of Figure 1, show the average number of pounds of 
fruit yielded by the Jonathan trees during the years 1917 to 1919, 
inclusive. The abscissa represent increase in circumference of the 
trees during the same period. It will be noticed that the average 
yield per tree increases as the amount of growth during this period 
increases. 

The same statistics for the Yellow Transparent trees are shown in 
Figure 2, and the type of curve is seen to be similar. 

The same data in regard to the performance of the Stayman Wine- 
sap trees are shown in Figure 3. This curve is seen to be much 
more irregular than the two preceeding ones. This roughness ui 
probably due to the smaller number of individuals available in 
calculating the averages which are plotted. 
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These three figures indicate most strongly that there is a very 
consistant relationship between the growth that the tree has made 
and the amount of fruit that it has produced during this three year 
period. There was a slight indication of a possible optimum amount 
of growth in the giwh bf the Jonathan trees, and agiin in the case 
of the Stayman Winesaps. Holvever, the limited number of 
individuals making the coihparatively very lai^ge growths was so 
small that a conclusion is unjustified. The indication should not 
be ignored, however, and observations should be imade to find if 
this tendency is inaintained in the future. 

The optimum relation between growth and yield indicated in 
Figure 3 is more pronounced in the data plotted in Figure 5 which 
shows the average amount of fruit yielded in 1919 by the Stayman 
Winesap. trees The abscissa represent the amount of growth made 
by the trees in 1918, and the ordinates show the average yield in 
each case. While an optimum growth is very evident in the graph, 
it should be noticed that the numbers of individuals upon which it is 
based is small, and the probable errors of the means of each class 
plotted are therefore comparatively large. It does, however, furnish 
a significant indication of what may be normal to apple trees and 
further observations upon this point are needed. 

In order to show whether the growth of the present year or that 
of the preceding year is the most significant in relation to this 
year’s yield, Figure 6, was made. 

The abscissa of Figure 6 represent the number of pounds of fruit 
yielded by Jonathan trees in 1919. The ordinates represent the 
average growth made by each class of trees: the .solid line of the 
graph the average performance of each class in 1918, and the dotted 
line, in 1919. It will be observed that the solid line shows a steady 
increase of both growth and yield up to the class which were yielding 
151 to 200 pounds in 1919. This relation is not so obvious in the 
dotted line representing growth made this year. In other words, 
the growth made the previous year is more significant in relation 
to this year’s 5deld than is the growth made this yea;r. The falling 
off in the solid line after the 151 to 200 pound yield may be due to 
either the optimum effect mentioned above, or to the larger variation 
probable in locating the mean of a smaller number of individuals. 

The trees in tlus orchard are young. The trees of none of the 
varieties have become firmly established in their regular biennial 
bearing habit. So far the trees have fallen into three natural classes: 
1, those which have a tendency to bear heavier in the odd year than 
in the even; 2, those which have a tendency to bear more iti the 
even year than in the odd; 3, those which have made a consistent 
increase in yield ^aach year to date, with perhaps a few iltegiilarities, 
but with no Consistant biennial tendency indicated. also 

a few trees which are uniformly maldng a very small grdWth due 
to crown gall infection, or to undetermined unfavorable CoMitions, 
that are making only a small yield and which are either remaining 
stationary or actually decreasing in yield. 

The annual increase in trunk circumference and the weight of 
fruit borne by a tree bearing in the even year is shown in Figure 7. 
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The same data for a tree beariiag in the odd year is shown in Figure 8. 
Pigmre 4 shows the data for a consistently increasing yield. 

Tnere are a few interesting observations to be"made in rega^ 
to these trees. During the years 1917 and 1918, if the growth made 
in a given year is smaller thmi that made the previous year, the yield 
that y^r is larger. And the reverse is equally true. If the growth 
made in a given year is larger than that made the previous year, 
the yield that year is smaller. In other words there is an alternate 
habit of growth as well as an alternate habit of bearing in these trees. 
HoxS^ever, in the case of the tree with an increasing 3 nield, this is not 
the case. The fluctuations of growth are less marked than in the 
case of the tree in which the alternate habit is becoming established; 
^d where the slightly decreased growth that is recorded for 1917 
is made, it is followed by an increased rather than a decreased peld. 
The fact that the five Stayman Winesap trees that have produced 
the most fruit per tree belong to this latter class indicates that this 
class of trees is composed of the most vigorous trees of the variety 
in the orchard. They have reached the point where the large crop 
of fruit produced this year was sufficient to depress the growth of the 
tree somewhat this year, and the indications are that these trees 
will now fall into the biennial habit of bearing and growth, making 
their larger growth in the even ntambered years and their heavier 
fruit production in the odd numbered years. 

As a general proposition, though with exceptions, the trees that 
are establishing the alternate bearing habit in the odd numbered 
years rank next in total production of fruit to date. They are not 
making as strong a growth as the trees of the class just mentioned 
and reached the point where the amount of fruit produced in 1917 
was sufficient to cut down the growth made that season. The result 
that followed was a reduced yield and a consequently increased 
growth the next year. Thus the biennial habit has become estab¬ 
lished with them. 

It is more difficult to determine the exact cause for the trees with 
a biennial habit of bearing in the even numbered years. As a general 
thing the crop produced in 1916 was not a conspicuously large one 
and that cannot be advanced as a reason for the habit. The only 
point that se^s to be common to these trees is that they are the 
lowest bearing trees of the three groups mentioned. 

In closing it should be noted that while there are not suffid^t 
data to explain the causes for certain of the relations that exist 
between growth and >idd, sufficient facts have been offered to show 
that such a relationship does exist. 

The Status of Orchard Fertilization £xf erimenta^On 

By W. H. Alderman, I ’niversity Farm, Pcml, Minnesota 

OST of us are pretty well acquainted with our old friends the 
"‘fertilizer experiment”, with its familiar ‘"ptot sems*" of 
single and combined elements and checks. Sometimes h; fe dished up 
with a new dressing, garnished tastefully and served under a new 
'name but the main ingredients remain the same. It has heisn a 
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favorite dish among hortictilturists for thirty years and most of us 
have stuck pretty closely to the same tried and well tested reqpe in 
its preparation. 

The horticulturists of about 28 experiment stations in the United 
States and Canada are giving some attention to the orchard fertilizer 
question. This seemed to be an unduly large number to be working 
upon one problem, especially if the most of them were operating 
along the usual line. To bring together some information upon this 
point, letters of inquiry were sent to those known to be especially 
interested in orchard nutrition problems. The primary object of the 
inquiry was to find out whether in the opinion of the workers they 
were getting anywhere with the problem with present methods and 
what in their judgment should be the future line of attack. Practi¬ 
cally every man replied, a point worthy of comment. Their courtesy 
and interest in the matter is aj^preciatively acknowledged at this 
point. The writer wishes it were possible to present in full the many 
interesting replies, but as this is out of the question it will be necessary 
to confine the discussion to the barest summary of opinions and view¬ 
points. This paper is an attempt to present these points of view in a 
composite form which does not involve a compromise of issues. 

The most striking feature of the replies was the almost complete 
unanimity of opinion that from the standpoint of research the 
old type of orchard fertilizer experiment had about outlived its 
usefulness. There was only one dissenting opinion on this point. 
This does not mean that the former type of project should be cast 
aside entirely, for they will always be valuable as tests or demonstra¬ 
tions of localized nature. One horticulturist well expressed the 
general thought when he said, “There are sufficient field experiments 
now under way in the dififerent experiment stations to solve the prob¬ 
lem of orchard nutrition so far as it may be solved from field experi¬ 
ments.” 

This seems to be a suitable occasion to pause and consider the 
work that has been accomplished to date. Within the past two 
years a number of well conducted experiments extending over long 
terms of years have matured, and the results been made public. 
So much has been written on the subject that it is a bit difficult to 
summarize the case, since the evidence does not all point in the same 
direction. It is somewhat simpler if we first confine ourselves to 
the points over which there is seemingly no contention. 

1st. There are apparently a great many orchards growing upon 
a wide variety of soils that will not respond economically to the 
application of any form of commercial fertilizer, nor of manure. 
This fact is well established by the work in New York, Nevr Hamp¬ 
shire, Maine, West Virginia, and other states. 

2d. Orchards are much more likely to respond favorably if they 
are given sod mulch treatment than if kept under cultivation. A 
comparison of the work in the above mentioned states with that in 
Massachusetts and Ohio, furnish interesting evidence upon this 
point, as does also the work in Pennsylvania where the three sod 
orchards displayed <x)nsiderably greater gains than the three under 
cultivation. 
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3d. Orchards under starvation conditions usually give a ready 
response to fertilization when other treatments (culture, pruning, 
spraying, etc.) remain unaltered. This is well demonstrated by 
some of the Ohio, Oregon and West Virginia experiments. 

4th. Nitrogen in a readily available form seems to be the only 
element of plant food that is uniformly a factor in the favorable 
responses- when such are secured. 

These four points, apparently, are about the only outstanding, 
uncontested results of our orchard fertilizer experiments conduct^ 
over a period of thirty years or more by twenty-eight different 
experiment stations. This information is of no small value to 
the orchard industry and has been well worth working for, but the 
investigator who is seeking to understand the '‘how’* and “why*' of 
the reactions finds only disappointment. There have been those 
among us who have thought and talked of principles that imderlie 
orchard fertilization, but so far no principles have been formulated 
which are capable of application. There are others—probably the 
majority—who have maintained that orchard fertilization cannot 
be reduced to general principles having a wide application. So far 
this group has not been disappointed. 

It seems that the difficulties thus far have been in a large measure 
due to the horticulturist’s failure to correctly estimate the differences 
between trees or orchard plants and the annual plants of our ordinary 
field crops. In the latter it has been comparatively easy to study 
plant food requirements and locate certain definite “limiting factors,’* 
for there are remarkably few cultural variations to complicate the 
results. With orchards we have an entirely different situation. 
We have already shown that trees respond differently to fertilizers 
under different cultural treatments. So great is the difference 
that under cultivation they may make no response whatever, while 
under sod treatment they may be remarkably stimulated by fertili¬ 
zation, In other words, the cultivation may, in some instances, have 
produced the same effect as the addition of fertilizers. We might 
carry the analogy still farther and show that in certain cases, where 
old and enfeebled trees are involved, the same stimulating growth 
and fruitage effects may have been caused by nitrogen feeding or by a 
suitable pruning. We are leading to the point where we may readily 
see and safely say that a normal plant probably has a defiiute ar¬ 
rangement of conditions within itself which fit into its functions of 
growth and fruitage or reproduction. It is when the arrangement is 
disturbed that we get reduced vigor, feeble growth or lack of pro¬ 
ductiveness. Our mistake in the past was to establish various sets 
of experiments to correct the condition, perhaps with fertilizers* 
perhaps with sod and tillage studies, perhaps with pruning. Our 
mistake lay in failing to see that all of these methods lead over 
different routes to the same goal, namely, the restoration of a normal 
or an optimum arrangement of the forces within the plant. We 
attempt^ to study the effects of fertility, culture, and pruning 
separately and overlooked their close interrelationships, and the fact 
that all contributed more or less to the ^tablishment of the desired 
condition within the tree. A clear understanding of this m^ht 
have helped to explain some of the inconsistencies of past fertilizer 
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experiments. It may be recalled that in the Pennsylvania experi¬ 
ments the orchard having the least fertile soil responded the least 
to the addition of plant food materials. Evidently the equilibrium 
of the trees was being maintained by some other method. 

All this seems to carry our problan into the inside of the tree 
rather than into the soil or other external factors. Of course^ our 
minds are forced into this channel by the remarkably significant 
work of Kraus and Kraybill with the tomato. They clearly demon¬ 
strated that there was a certain balance between nitrates and car¬ 
bohydrates in a plant when optimum fniiting conditions prevailed, 
and that, when this balance was disturbed, failure to fruit was the 
result. It is conceivable and probable that the same, or a similar 
balance, must prevail in other plants. It is likely too,, that other 
factors will be found which relate to this balance. We at once think 
of the mositure factor in this connection. The storage of nitrates 
and carbohydrates varies with the season of the year. What relation 
does this fact bear to the afore-mentioned balance.^ The studies of 
Dr. Hooker within the past year are strongly indicative of suspected 
differences in the metabolism of productive and non-productive 
trees. These differences, when finally definitely established, will 
furnish the foundation for an intelligent field study of the broad 
problems of orchard nutrition. In these future studies we will 
change our point of view. Instead of applying treatment after 
treatment to a number of orchards under a variety of conditions in, 
‘^now bear, darn ye” attitude of mind, we will first study the trees 
in an endeavor to diagnose their conditions and then make an attempt 
to adequately and intelligently discover a treatment for their condi¬ 
tions. This treatment may very likely involve pnining and orchard 
culture, as well as plant food material, for it will be a broad problem 
of orchard nutrition. Kraus has already pointed out that we may 
establish a proper balance in a tree low in nitrates by feeding with 
nitrogen, or by pruning to reduce the supply and production of 
carbohydrates. 

If our problem has led us to a study of the inside of the tree it 
is quite clear that it has inevitably led us, temporarily at least, 
from the orchard into the laborato^}^ If we are to become better 
informed regarding the metabolism of the apple and other fruit trees 
we must look to the man trained in chemistry and plant physiology 
to tell us. Many of our younger horticulturists are wisely equipping 
themselves with this training, but most of us must rely either upon a 
cooperative arrangement with the departments of chemistry and 
botany, or establish within our own departments the necessary 
laboratories and workers in these lines. Most of those to whom the 
letter of inquiry was sent favored the use of the men and laboratories 
of the other departments because of the expense of installing such addi¬ 
tions to the h<MrticuJtural equipment. Whichever qf the plans is fol¬ 
lowed makes v^* little difference and depends upon local conditions 
entirely. The important point is that the horticulturist must not lose 
his present intimate contact with the problem, for his knowledge of 
orchard details, of the care of the tree, his point of \’iew, and his 
tendency to seek a practical application for such scientific discoveries 
as may be made, are s^solutely indispensable. 
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There will be many in the next few years who will reach this 
problem from different avenues of approach. Laboratory methods 
will largely prevail and necessarily small numbers of trees will be 
involved. In many instances these trees will be grown in pots or 
lysimeters. It is hardly necessary to point out that under these 
conditions it is of the greatest importance to reduce individual plant 
variation to a minimum. Possibly in orchards the greatest variables 
are the trees themselves. In the first place, they are propagated 
upon seedUng roots which we know are variable. Just now, when 
seeds from all manner of sources are being used, this variability 
becomes extreme. If allowed to develop, some of these seedlings 
would be far more vigorous than others, some in fact would be dwarfs. 
How great would be the influence of these variable roots upon the 
scion top is unknown. No attention is paid to the selection of buds 
or scions, a matter which may or may not be of much importance, 
but which should be safe-guarded for experimental work. In short, 
before launching a project of this nature ever>^ effort should be made 
to secure specially propagated trees that are as nearly alike as is 
possible to secure. Trees of a given variety on their own roots 
would be similar, both genetically and physically, but they would 
represent a t 5 rpe which might differ in sopie respects from a budded 
or grafted tree. A more desirable plan of operation would be to 
work buds or scions from a single parent tree upon root stocks 
develojTcd by cuttings, or other means of asexual propagation from 
a single parent plant. This would give us a plant comparable in its 
physical aspects with the ordinary nursery tree of commerce and 
of which a series would be uniform enough for purposes of research. 

In conclusion, if your thoughts are correctly inteq^reted from 
your correspondence, let me remind you that, to research men the 
old “fertilizer project” is about to become of historical interest only, 
and in its place comes the “nutrition project”, broader in its scope, 
more fundamental in its direction, and more exacting in its require¬ 
ments of men and equipment. Do not misunderstand this statement. 
The old “fertilizer exi>eriment” will not be dropped, but will be 
renamed and reclassified so that it may be placed in its proper genus, 
“demonstration”, belonging to the family, “extension”, where it 
performs a most important .service when “introduced” by the exten¬ 
sion specialist into new habitats, and when its “range” is extended 
to the county agent who will be associated with it in rural communi¬ 
ties or on individual farms. 


Methods of Interpreting Results in Orchard Fertilizer 

Experiments 

By R. D. Anthony, Pennsylvania Sta^ College, State College, Pa. 

O UR present knowledge of how best to lay out a fertilim- experi¬ 
ment is none too substantial and little of this was available to 
the men who started the experiments which have now been competed 
or are stiU under way. It is safe to say that no one of our fertiliser 
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experiments is ideal or even approaches at all close to that condition. 
Because of this, the task of interpreting our results is difficult. 
The difficulty is increased because, for many reasons, it is seldom 
possible to use the methods which have been developed by our 
agronomy friends without considerable modification. The agronom¬ 
ist deals with such large numbers that the individual is seldom 
considered; in our work the performance of the individual is every¬ 
thing, The agronomist usually follows a plant through its full life 
cycle; the longest continued orchard fertilizer experiment in this 
country covers only a small part of the possible life of the orchard. 
Field crops are usually influenced more by surface soils; tree fruits 
by sub-soils. 

Even though we admit the necessity of improving our methods 
of presentation and interpretation in order to get the most out of our 
fertilizer experiments, we should not go to the other extreme and 
seek to develop standard methods. The conditions surrounding no 
two experiments are alike; each set of conditions demands a different 
method of presentation. Our study should be to find the various 
methods which might be used and then to make a wise choice of 
those best adapted to our conditions. 

In this article, it is not the speaker’s intention to outline all the 
methods which might be of value, but to give only those which he 
has found of value in his own work 

Wide latitude should be given the investigator in the choice of 
methods. The question is sometimes raised as to whether or not 
he should be permitted to use weighted values. No one knows 
the conditions surrounding an experiment better than the investigator 
should, and so long as he presents the original, uncorrected values 
and gives adequate reasons for his modifications, the use of weighted 
results might well be part of the interpretation. To present' such 
modified results without explaining the method used or giving the 
original values (a thing that has been done a number of times) may 
destroy the value of the experiment. 

One of the factors which can always b6 depended on to add 
confusion to recorded fertilizer yields is that of alternate bearing. 
The writer of a bulletin published some time ago used nearly half a 
page wondering why, after his fertilizer plots had responded so well 
the first year, they should drop below the check plots the second 
year. If the yields were always in two-year cycles the problem would 
be simpler, but occasionally the cycle is three or four years. The 
record of the rank of the highest yielding plot for eleven years, in 
one of our Pennsylvania fertilizer experiments, is as follows: 2, 3, 3, 
1, 12, 2, 3, 1, 12, 1, 8. We have found a satisfactory solution of 
this difficulty by using four year, overlapping averages. If the 
experiment began in 1908 the first value used is the average of the 
yield from 1908 through 1911; the next, for the years from 1909 
through 1912, etc. This method smooths out the yield curves and 
makes it far easier to compare the records of different plots. 

No small part of the confusion which seems to exist in our orchard 
fertilizer experiments is due to our failure to emphasize the cultural 
treatment given the various orchards. The accumulated data 
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compels US to believe that cultural treatment has a profound in¬ 
fluence on the returns secured from fertilizer applications. We 
may expect, with considerable confidence, to get our money’s worth 
from fertilizers in a sod orchard, but the same application under 
nearly identical contitions in a cultivated orchard will rarely show 
a profitable return. If we can apply the results secured by Pickering 
at the Woburn Station in England to American conditions, we 
possibly have the explanation for the failure of one of the tillage 
experiments in New York to give the usual results in favor of tillage. 
In the cultivated plot, a strip of sod several feet wide was left between 
the trees in the direction of the row. According to Pickering, this 
amount of sod was sufficient to have an important effect upon the 
results. If this was the case in a cultural method experiment, it 
would seem reasonable to expect similar conditions to affect a fertilizer 
experiment even to a greater extent, yet apparently minor details 
such as these are seldom discussed in our bulletins. 

In our eastern orchards, it is seldom possible to lay out a fertilizer 
experiment on land that is entirely level or where all the plots have 
the same uniform slope. A study of the topography of the orchard 
sometimes shows the reason for certain unexpected results. In one 
of our Pennsylvania orchards,, one check plot was considerably 
higher in yield than the five other checks. A study of the slope 
of the land showed much of this plot to be in a low area where washing 
from a rather steep slope had taken place. This same condition 
had increased the adjoining plot when manure was applied and made 
this treatment show a greater return than should probably be assigned 
to it. The repetition of the checks gives us a guide as to the extent 
of increase in the check plot, but, because the treatment plots were 
not repeated, we can do little more with the manure plot than to 
£is.sume that it was increased by the same amount that the high 
check was increased over nearby checks. It would seem well worth 
while to incorporate detailed topographic notes or a topographic 
map in all fertilizer experiments even though at the time, topography 
does not seem an influential factor. 

Along Vvith variations in elevation go soil variations. In most 
reports this point is discussed, but not always in such a way as to 
throw light on the data. In a bulletin published four or five years 
ago, which is admirably written in most respects, the investigator 
describes a soil change at the northwest end of the orchard and then 
apparently has neglected to show on the chart of the orchard which 
end is north-west. 

It is not always easy to detect sjibsoil variations from ^ study 
of the surface soil. A chart of the orchard which shows the perfor¬ 
mance of each tree will sometimes lead one to suspect a subsoil 
variation which can later be verified with the soil auger. 

Table I gives the total yield of pounds of each tree in the Rome 
Beauty orchard discussed in Geneva Bulletin 460. The two trees 
in Plots II and III that are in Row 1, are in an area with a sandy sub¬ 
soil The trees in Plots X, XI, and XII, that are in Rows 9 and 10, 
are in an area with a clay subsoil These differences probably 
account for the extreme differences in yield. 
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Table I 

Total Yield in Pounds 


Plot 

Row Numbers 

Plot 

Row Numbers 

12 8 4 0 

7 8 9 10 11 

I... 

4900 4900 5600 3700 5100 

VII 

(Discarded) 

II.. 

3400 5000 5300 4300 4900 

VIII 

4200 2800 5200 3100 3400 

Ill. 

2600 4700 4900 5100 6100 

IX . 

4700 4000 4100 3800 3700 

IV.. 

6500 5600 5400 2800 5400 

X . 

5700 4200 5300 5000 3200 

V .. 

3800 4000 4700 3300 4(XX) 

XI . 

2400 3100 5500 6000 4800 

VI.. 

5400 4600 4100 6800 4100 

XII 

4300 2700 5400 6300 3200 


Many of our older fertilizer orchards were planned without 
buffer rows and with the trees planted so close to each other that 
cross feeding has become a matter of some importance, and in this 
connection the treatment of adjoining rows not in the experiment 
should be noted. In one of our experiments the first row was a 
check row and was higher in yield than other nearby checks. This 
is certainly due to the heavy fertilization given the adjacent row 
by the owner of the orchard, the men not being careful to avoid 
scattering some of the fertilizer beyond the middle of the row. Minor 
details such as these are well worth noting as they may influence 
the results to a surprising extreme. 

Many of our present fertilizer experiments were laid out under 
belief that the performance of a single element could be told by 
subtracting the yield of a two-element plot from that of a three- 
element plot. There is considerable doubt as to the justification 
for such a method; in fact, there is some evidence that the increased 
yield for a single element may be either greater or less in combination 
than when used alone. Because of this, the conclusions from a 
number of experiments which are now under way cannot be made as 
definite as we might wish. 

One of the most difficult factors to study is that of individual 
tree variations which can not be attributed to evident environmental 
conditions. We must expect a certain amount of fluctuation in 
our yields. Our problem is to attempt to find how much of our 
actual difference is due to normal individual variations and how 
much to our treatment. Agronomists came to realize the importance 
of this factor of probable error long before horticulturists did, though 
because of the small number of individuals we deal with, it is even 
more inj^portant with tree fruits than with field crops. 

We should not consider* the report of the yield of a fertilizer plot 
as complete until the probable error is computed nor in most cases 
should we consider the difference between two treatments as of 
any significance until we know the probable error of the difference. 
Tables showing the significance of the probable error can be found 
in a number of places. A convenient one to use is that published 
by Pearl and Miner in Bulletin 226 of the Maine Station. Another 
by Batchelor and Reid will be found in the Journal of Agriculture 
Research, Volume XHi No. 5. 
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Where we have all erred most fr^uently is probably in the use 
of dieck plots. Under many conditions, to use the average of the 
checks is very misleading. In the case of the orchard mentloned- 
under the discussiop of topography, if we use the average of all six 
checks as a' criterion, the manure plot shows a gain of nearly a 
thousand pounds, more than twice the gain over the adjacent, high 
3delding check, though a study of the topography of the orchard leads 
us to believe that the proper comparison is with this adjacent check. 

We have come to the conclusion that there is no one best method 
for the use of checks. In some parts of the orchard, the average ot 
several checks may be used; in other places a nearby check needs 
greater emphasis or may even supply the only usable comparison, 
^veral ways of using checks are outlined by Batchdor and Rdd 
in the article previously referred to, which, by the way, is one of the 
most valuable contributions that has been made to our problem. 

Unfortunately, when most of our present fertilizer experiments 
were planned, too much reliance was placed on the repetition of 
checks and usually the treatments were not repeated. A repeated 
treatment will frequently be of greater help than a repeated check. 

In the previous discussion we have had in mind chiefly the inter¬ 
pretation of experiments now under way. Perhaps it will not be 
out of the way to call attention to a method which could be used in 
bearing orchards in starting new experiments to show, better than 
could be shown by many repeated checks, the underlying soil varia¬ 
tions and the normal performance of our trees. Where an area 
has been selected for a fertilizer experiment and the arrangement 
of plots decided upon, do not begin the treatment until two, or 
better still, three crops have been harvested. Uusually our most 
difficult problem in interpreting fertilizer experiments is to determine 
what share of our observed differences is due to inequalities which 
existed before the application of our fertilizer treatments. The 
performance of the trees for a crop cycle will throw much light on this. 

How wide an application can we make of a single fertilizer experi¬ 
ment? At present we have not sufficiently definite information 
to answer this question, but one case will show our uncertainty. 
For over ten years the Pennsylvania Station has been conducting 
two experiments, one on each side of South Mountain, under some¬ 
what similar conditions. In one of these there has been but little 
return, but in the other potash seems to be giving considerably 
increased yields. 

Orchanl fertilizer experiments are going out of fashion and 
certainly pomological research will be improved by the passing of 
the old type of experiment, but it will be unfortunate if the partial 
failure of these early experiments to give us conclusive results diould 
discourage us from continuing such a fundamental line of investiga¬ 
tion. 
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Some Influences of Thinning, Pollination, and Fruit Spur 
Growth on the Yearly Performance Record of Fruit 
Spurs and on the Size of Fruit Produced"' 

By E. C. Auchter, Maryland State College, College Park, Md. 

IN THE spring of 1912 some apple thinning experiments were 
* started by the Horticultural Department of the West Virginia 
Station to determine not only the influence of thinning the fruit 
On the present crop, but also the influence of the thinning on the 
following crop. Some of the results found have already been pub- 
lishedt, but this report includes the data taken since the previous 
publication and brings the records up to date. 

The Influence of Fruit Thinning on Annual Bearing in the 

Apple 

As shown in the previous report, the removal after the June drop 
of part of the fruit from a tree bearing from a medium to a good sized 
crop, was profitable. Not only was the size of the individual apples 
increased, but the total yield per tree was also greater on the thinned 
trees due to this increased size of fruit. At that time the statement 
was made that thinning had not influenced the next year’s crop to 
any extent. Additional data seaired since that time and included 
in this report add more proof to this statement and substantiate 
our earlier findings and conclusions. The following tables show 
the yields seaired from thinned and unthinned trees. 


Table I 

Yields on 'Thinned and Unthinned Trees of Eighteen Year Old Rome Beauty, York 
Imperial, and Baldwin. {Years igi2 and igij) 


Variety 

Number of Trees 

Yield per Tree in 
Bushels (1912) 

Yield per Tree in 
Bushels (1913) 

Rome Beauty. 

6 thinned 

12 

1 

Rome Beauty. 

2 check 

14 

1 

York Imperial. 

3 thinned 

9 

0 

York Imperial . 

1 check 

11 

0 

Baldwin. 

3 thinned 

11.3 

0 

Baldwin. 

1 check 

13.6 

0 


In 1912, 45 York Imperial trees ten years old, bearing their first 
good commercial crops, were thinned, while 9 similar trees were left 
as checks. Cedar rust broke out in this orchard badly this year 


♦The data presented in this paper were obtained by the writer while a mem¬ 
ber of the Horticultural Department of West Virginia Agricultural Experiment 
Station. The data during the present season were taken by Mr. H. L. Crane, 
Assistant Horticulturist at that Station. Permission to use the data in this 
paper was courteously given by Dr. J. K, Shaw, now Horticulturist at that 
Staticm. 

tAuchter, E. C., W. Va. Agr. Exp. Sta. Bulletin 162. 
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and the York Imperial foliage being exceptionally susceptible, practi¬ 
cally all fell from the trees early in the summer. Of coturse, no records 
were obtamed, since the fruit on all trees ceased to develop. None 
of the fruits became latter than walnuts, which merely emphasized 
the fact that leaves and leaf area are essential for fruit development 
when the tree as a whole is considered. However, certain investiga¬ 
tors have shown that the fruit developed almost normally on certain 
occasional spurs, which are defoliated only here and there on an 
otherwise normal tree. 

Table II 


Yields on Thinned and Unthinned Baldwin Trees, Nine Years Old in igjs 



Average Yield in Bushels 


Variety 

Tree No. 

Distance 
; Thinned 
, Inches 

1017 

; 1918 

1919* 

York Imperial , 

1 

6 to7 

8.0 

i 0.00 

0.00 

2 

6 to7 

6.0 

0.00 

0.50 


3 

6 to7 

5.0 

0.75 

1.50 


4 

6.to7 

6.5 

0.12 

1.00 


5 

6 to7 

5.0 

0.00 

0.60 

York Imj^erial . 

1 

Check 

7.0 

0.00 

0.25 

2 


5.0 

0.00 

0.50 


3 

! «t 

7.0 

! 0.00 

3.00 


4 


6.0 

4.50 

0.00 

i 

0 

<< 

6.0 

1.50 

0.25 


6 


6.0 

0.12 

0.12 


♦July estimate. 


Table IV 


Average Yield in Bushels per Tree of Thinned and Unthinned Ben Davis Trees, 
Nineteen Years Old in IQ14 



^Practically nothing. 

A study of the foregoing tables shows that those trws whidi had 
part of their crop removed after the June drop did not produce any 
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more fruit the following year than similar trees ^which had not been 
thinned. This held true for young or old trees and for different 
varieties. Thus they disprove the popular idea so often heard 
and printed in some hroticultural journals that by thinning part of 
the fruit from a tree in its CTop year, such trees will bear a fair crop 
the next year. Thinning has been advocated as a remedy for biennial 
bearers. Theoretically it has been held that if fruit is removed from 
certain spurs on a tree that such spurs will then form fruit buds 
rather than leaf buds and will thus bear the following year. By 
having part of the spurs on a tree bear one year and the other part 
the next year, all varieties would be annual bearers. Results of fruit 
spur studies vshown a little later in this paper throw some light on 
the question and tend to explain w^hy thinning does not make annual 
bearers from so-called biennial bearers. 

The Influence of Fruit Thinning on the Size of Frcit 

Although the removal of part of the crop from an apple tree does 
not influence the next year’s crop, still there is a noticeable influence 
on the size of the fruit during the year in which the thinning is done. 
The following tables illustrate this point. 

Table V 


Influence of Thinning on Size of Fruit. Ben Davis Nineteen Years Old {JQ14). 
Results Show the Totals for Three Trees in Each Case 


Distance Thinned 
Inches 

Total Number 
of Apples when 
Pickeif (3 Trees) 

1 Total Yield in 
Bushels 

1 (3 Tree.s) 

Marketable 
Yield (above 2 K 
inches in Diame* 
ter) 

Average Weight 
of Apples in 
Ounces 

6 to 7. 

7,476 

36.00 

32.28 

3.46 

9 to 10. 

9,497 

38.97 

30.(X) 

2.95 

Check. 

12,476 

38.02 

13.(X) 

2.16 


Table VI 


Influence of Thinning on Size {igi6) Ben Davis Twenty-one Years Old, Results 
Show Totals for Three Trees in Each Case 


Distance 

Thinned 

Inches 

Total Number 
of Ajgples per 

T<ital Yields 
in Bushels per 
Plot 

Marketable 
Yield (above 
2*4 inches) 

Per cent, of 
C'rop Market¬ 
able 

Average 
weight of 
Apples in 
ounces 

6to7. 

8,669 

46.:38 

31 .(K) 

66,97 

3.a5 

9 to 10. 

8,711 

47.55 

32.07 

67.43 

3.93 

Check.1 

11,724 

51.91 

l8.8:i 

36.27 

3.18 


Table VII 

Showing the Percentage of Fruit Removed at Thinning Time as Influencing Size and 
Annual Bearing. Ben Davis Twenty-one Years Old {zgx6). Figures are for 
the Average of Three Trees in Each Case 


Distance 

Thinned 

Inches 

Number of 
Apple* per 
Tree Atter 
June Drop 

Number 
Thinned off 

Per cent 
Removed 

Number 
Dropped 
During Sea¬ 
son Exclus- 
eive of June 
Drop 

Number of 
Apples 
Pici^ at 
Picking 
Time, 

_ 

Marketable 
Yield in 
Bushel* per 
Tree (above 
2 K inches) 

dto7 ... 

5,111 

1,196 

23 



10.35 


’ 5,000 

1,996 

m 




Check., J 

5.m 


^ 0 1 



1 ej2g 
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Tables V, VI, and VII show that the thinned trees produced 
not only larger specimens but about double the amount of market¬ 
able fruit. In Table VII we see that the number of fruits per tree 
was practically the same in all groups after the June drop. Although 
23 per cent was removed p^ tree per plot in one case and 40 p^ cent 
per tree from another, still the remaining fruits increased in size 
so much that nearly double the marketable yield was obtained from 
the thinned trees. By referring to Table IV, it can be seen that 
the removal of this 40 per cent of the fruit on those trees thinned 
0 to 10 inches apart, had no influence on the next year’s crop. In 
fact, the check trees produced slightly more if anything. It can be 
seen also that these trees were bearing a fairly heavy crop (5J^ barrels 
per tree in 1916) so that the effect of a 40 per cent removal of the 
crop ought to have shown up the next year if it is possible to affect 
the next crop by the removal of a portion of the present crop. Results 
shown a little later, tend to explain why the thinned trees did not 
bloom heavier the next year and bear more fruit than the checfe. 


Fruit Spur Growth and Fruit Prodi'ction as Inflx^encing the 
Yearly Performance Record of Spurs 

It can be seen from the preceding tables that considering the tree 
as a whole no influence from thinning was obtained. It was felt, 
however, that it would be wise to use the individual spur as a unit 
and get accurate yearly records on it. Accordingly, in 1910, all of the 
fruit spurs on a young 7 year old Delicious tree bearing a fair crop 
of fruit, were labeled, and a record of each spur obtained. The fruits 
from certain spurs were thinned while others were left unthinned. 

In 1917 the fruit spur studies w^ere greatly enlarged and 6(X) spurs 
each of Ben Davis. Grimes, Wagener, Baldwin, 500 spurs each of 
Northern Spy, Tompkins King, Rome Beauty, Smokehouse, 250 
spurs of York Imperial, and 100 spurs each of Jonathan and Arkansas 
were included in the study. All trees were approximately 20 years 
old and were in a medium state of vigor,, growing under sod mulch 
condition.^. 

At this time the scope of the problem was greatly enlarged and 
many different factors, such as the age of the spur, its yearly growth, 
its total length, blooming records, number of leaves, total leaf area, 
etc., were studied. It was bo|^ by this study to throw some light 
if possible on the factors which influence the yearly performance 
record of fruit spurs and by this knowledge to be able to make .some 
recommendation to practical growlers, which might increase their 
crop production. 

These studies have now been under way for the years 1917, 1918, 
and 1919, all too short a period, to attempt any definite conclusions 
even if the mass of data, whid^ has accumulated in this time, was 
thoroughly digested. Let me hasten to add that this part of the 
paper is simplv a preliminary report and the data presented diould 
be taken as suggestive rather than final, and a blooming record 
of the varieties for the three years, 1917, 1918, and 1919, shows 
that there is a considerable variation among the varieties in regard 
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O—S|mrs did not blossom. 
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to the regularity of blooming. Thus, with the Baldwin, Northern 
Spy, and Wagener, none of the spurs studied bloomed in succession 
either in the years 1917-18 or 1918-19, and no spurs bloomed tliree 
years in succession. Only 12 Ben Davis spurs and 9 of the Tompkins 
King bloomed two years in succession and these were not all during 
the same two-year i^od. On the other htod, 97 of the Rome 
Beauty, 168 of the Grimes, and 252 of the Smokehouse bloomed 2 years 
in succession, but in this case also, not all of the spurs were blooming 
successively in the same two-year period as seen in Table VIII. 
This would indicate, if we went no farther with the study, that the 
first group were biennial in bearing habit, while those of the second 
group were perhaps inclined to be more or less annual in bearing 
habits. I might add that practical observation in commercial 
orchards tends to bear out this suggestion in most cases. It is 
suggested later, however, that the same spur seldom fruits 2 years 
in succession. Thus in the case of the biennial bearers, it appears 
as though nearly all spurs on the trees bloom and that most of these 
set until the June drop at least and then do not bloom the next 
year, while with the annual bearers, many of the spurs either do 
not bloom, or if they do bloom, they do not set and thus the same 
spurs bloom again the next year. There are other interesting 
results brought out in Table VIII which are not pertinent, however, 
in this phase of the question, so are not discussed. 

The Value op Fruiting as well as Blooming Records of Fruit 

Spx-rs 

There has always been a question as to whether the annual 
bearers were annual bearers because the spurs on such trees were able 
to bear 2 years in succession, while the spurs on biennial bearers 
were unable to do this. From the preceding data, that the spurs 
on some varieties of the annual bearers bloomed successively while 
those on the biennial bearers did not, we might believe that this was 
the case. However, the following figures show that this is not 
necessarily true and that not only the blooming record of a spur 
must be known, but its fruiting record as well. 

1. Of the 525 labeled spurs on the Grimes tree, 168 bloomed in 
each of the years 1917 amd 1918, but only 4 of these had fruited in 

1917, 

2. Fifty-four Rome Beauty spurs bloomed in both 1917 and 

1918, but only 8 of these had fruited in 1917. 

3. Fifty-three Rome Beauty spurs bloomed in both 1918 and 

1919, but only 5 of these had fruited in 1918. 

4. Of 117 spurs of the 7-year old Delicious tree that fruited in 
1916, only 7 bloomed in 1917. 

5. Of 224 spurs of the Delicious tree that fruited in 1917, only 12 
bloomed in 1918. 

6. Of 113 spurs of the Delicious tree that fruited in 1918, only 10 

bloomed in 1919. , , 

7. On the other hand, 101'spurs bloomed in both the years 1917 
and 1918. 

8. and 200 spurs bloomed in both the years 1918 and 1919 on 
this Delicious tree. 
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Thus, these figures indicate strongly that if the bloom on a spur 
once sets fruit, such spurs will rarely bloom the next year. However, 
if the bloom does not set, then such spurs are liable to bloom the 
next year, if the tree is healthy and vigorous. 

In practice, this is what often happens when all the blooms on a 
tree are destroyed by freezes or a frost. Such trees, even if biennial 
bearers, generally bloom heavy again the next year, and the off year 
has thus been changed. It is a fact, too, that such spurs would be 
more vigorous and probably make more growth as a result of the loss 
of the crop. This would tend to have them bloom again. 

These results indicate then that most of the spurs do not bear 
2 years in succession. They tend to disprove the suggestion that 
certain varieties are annual bearers because the spurs on such trees 
bear 2 years in succession. 

General observation, however, shows us that all varieties do 
not have the same general type of growth. For instance, omitting 
tlie question of fruit spurs, both the Rome Beauty and Smokehouse 
are inclined to bear terminally on slender growths, and while the 
fruit is maturing, a side growth generally developes which often sets a 
fruit bud on its terminal again and bears the following year. Thus, 
in the case of these 2 varieties, considerable fruit is borne each year 
without reference to the fruit spurs. In fact enough fruit is generally 
home in this manner to account for the varieties being classed as 
annual bearers. On the other hand, varieties such as the Yellow 
Transparent and Ben Davis often produce enough fruit terminally 
each year, especially when young, to be considered by many in the 
class of annual bearers. Other varieties, such as Wealthy, Wagener, 
Oldenburg, Jonathan, and some others, often form enough lateral fruit 
buds on one-year old wood to be considered annual bearers in some 
sections. 

With reference to fruit spurs, it is possible that certain varieties 
normally produce more fruit spurs yearly than others, and in such 
cases, with more spurs to come into fniit each year, .such varieties 
would be more liable to produce some fruit each year. In such cases, 
however, the same spurs would not bear regularly as explained above. 

Many of the so-called annual bearers, however, do not bear by 
any of the above described methods and a different explanation of 
their annual bearing must be sought. A suggested explanation is 
given a little later in this report. 

These results with fmit spurs mentioned above, if they hold true, 
after the data are compiled for the other ten varieties, seem to explain 
why the thinning of fruit after the June drop will not cause the 
thinned simrs to bloom the next year. It will be remembered that 
thinning ^d not influence the next year's crop on the trees, where the 
tree was taken as a unit. When certain individual spurs were 
studied, thinning likewise showed only a negative innuence as 
affecting the next year’s blooms. 

Of 14 Grimes spurs thinned in 1017, 2 bloomed in 1918. 

Of 64 Grimes spurs thinned in 1918, 0 bloomed in 1919. 

Of 22 Ben Davis spurs thinned in 1917,0 bloomed in 1918. 

Of 25 Northern Spy spurs thinned in 1917,. 0 bloomed in 1918. 

Of 88 Delicious spurs thinned in 1917, ID bloomed in 1918 

Of 10 Delicious spurs thinned in 1918, 0 bloomed in 1919. 
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Thus it appears that inasmuch as the thinned spurs had set fruit 
before the date ot thinning, the thinning was then unable to cause 
them to bloom again the next year. In the group of 88 Delicious 
spurs which thinned in 1917, it will be noticed that 10 spurs 
did bloona again in 1918. In nearly every one of these cases, 
however, it was noticed that such spurs had made an unusually 
vigorous long growth and had generally set a terminal fruit bud on 
this growth. They were really abnormal spurs. 

The preceding data suggest, however, that if the thinning was 
done before the fruit set, at blossoming time, that many of thfe spurs 
wcMild then bloom again the following year. Experiments to test 
this point were started last spring and the coming spring will show 
us whether the above supgjestion is well founded. 

Some Factors Influencing Annual Blooming of Fritit Spurs 

The fact remains-that a great many spurs on the same tree bloom 
2 years in succession, while others bloom one year and not the next. 
In order to see if certain growth factors could be correlated with this 
fact, several spurs on the Grimes and Rome Beauty trees were studied 
for the years 1917 and 1918. 

In the first place, all spurs which bore fruit in 1917 were eliminated 
from the study, thus doing away with this complicating factor. 

One hundred Grimes spurs which bloomed in both the years 1917 
and 1918, and 84 Grimes spurs which bloomed in 1917 but did not 
bloom in 1918, were selected and the following data summarized 
for the 2 groups of spurs:—Length of yearly growth in 1917, leaf area 
in 1917, total length of spurs, average length of 1916 and 1917 growth, 
number of leaves per spur in 1917, and age of spurs. The following 
results were obtained. 

T.\ble IX 


Growth Records on Annual Blooming and Alternate Blooming Grimes Spurs 


Variety 

Num¬ 
ber of 
Spurs 

i Aver- 

B^ming 

Record j Area 

1 per 

:sour m 

Aver¬ 

age 

Length 
of 1916 
Growth 
(cm) 

Aver¬ 

age 

Length 
of 1917 
growth 
(cm) 

Aver- 
’ age 
Length 
of 1918 
growth 
(cm) 

Total 

Avger- 

age 

Length 
of spur 
(cm) 

Num¬ 

ber 

Leaves 

1917 

Aver¬ 
age 
Age of 
Spurs 
in 

Years 

1917 

j square 
foifi i inches 
|(1917) 

Grimes . 
Grimes . 

100 i 
84 1 

B 

B 114.21 
0 1 1385 

.624 

.621 

3.402 

2.592 


7.786 

6.574 

8.39 

6.94 

5.99 

5.51 


blo8tM>m«d: 0~-^puf« did not blossom. 

It can be seen that those spurs which bloomed in succession when 
compared to the alternate blooming spurs, had more leaves and a 
greater leaf area in 1917, a greater yearly growth in 1916, 1917, and 
1918, and had a greater total length of spur. The two gproups df 
spurs were approximately the same age. 

Fifty-four Rome Beauty spurs which bloomed in both the years 
1917 and 1918 compared to 52 spurs which bloomed alternately in 
these years showed practically these same reults. 
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Although these same correlations may not hold with the other 
varieties when the work is compiled, still these results indicate that 
the spurs which bloomed in succession were the more vigorous and 
suggests that good growth and vigor up to a certain point, not only 
are not oppos^ to, but rather encourage, fruitfulness. 

It was noticed that the Grimes tree had made a better general 
growth throughout the whole tree in 1917 than it had in lOM-lS-^lO, 
or than it did in the year 1918. All spurs made a longer average 
growth in 1917 than in any preceding year. Following this growth, 
we got many spurs blooming in 1918 that had bloomed in 1917. 
When the growth over the whole tree slowed down in 1918, and the 
spurs made a shorter yearly growth, a much smaller percentage of the 
spurs bloomed in 1919 that had bloomed in 1918 than the percentage 
of spurs which had bloomed successively in 1917 and 1918. This 
indicates again that vigorous spurs are more liable to bloom suc¬ 
cessively, eliminating of course the factor of fruit setting. 

General observation shows that spurs which make very little 
yearly growth, bloom very little, likewise the proper balance causing 
fruitfulness seems to be upset, when spurs are forced out into exces¬ 
sive wood growth and their fruiting power is lessened. *Heinecke's 
work showed a greater set on vigorous spurs and Yeager found that 
the fruit on the more vigorous spurs was larger. Both of these 
results were verified in these investigations in a general way. Our 
work suggests that those orchards which are w’-ell cared for, which 
includes the best cultural, fertilizer, pruning and spraying practices, 
and which as a result produce spurs, which have a large leaf area 
and a good yearly growth, will bloom more regularly, other things 
being equal, than the orchards, which due to a lack of care produce 
spurs, which make little yearly gro\vth and have small leaf areas. 

From the results in Table IX we might also assume that those 
spurs which bloom successively would have a greater carbohydrate 
content, if chemically analyzed, than similar spurs which bloomed 
alternately. Those spurs which bloomed successively or in 1917 
and 1918 proved to have had more leaves and a greater total leaf 
area, as well as length growth in 1917 than the alternate bearing 
spurs. Samples of various spurs have been collected and preserved 
at different months of the year for the past two years, but unfortu¬ 
nately it has been impossible to have them analyzed up to this time. 

Some Varieties are Biennial Bearers—Others are Annual 

. Bearers 

After having obtained the above data, the fact remains that 
certain varieties are biennial in bearing habit, while others are not. 
Omitting the question of lateral and terminal fruit bud formation, 
which is a big factor in certain varieties, this paper seems to indicate 
that the biennial bearers are biennial probably because, during the 
year that they bloom heavily, most of the spurs on the tree bloom 
and set fruit and thus do not bloom the next year. While in the other 

^Hfiinecke, A. J., Cor. U. Agr. Exp. Sta. Bui. 393. 

Yeager, A. F., Ore* Agr. Exp. Ste. Bui. 139. 
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group of trees, many of the spurs either do not bloom or if they dp, 
many of them do not set fruit and thus are more liable to bloom the 
next year. If this last statement is true, which I have no proofs 
for and which is thus open to question, then this problem finally 
dips into the sterility and pollination question as well as the nutrition 
probl^. It is probable that when the biennial bearers, set a heavy 
crop in the first year, the spurs on such trees make little growth 
during the same year. Correlating this with the above growth 
studies, we would expect few spurs on such trees to bloom the next 
year from a straight nutrition standpoint. If the annual bearers 
do not set as heavily, or if a smaller percentage of their total spurs 
set, then the chances are that such spurs would grow more during 
the crop year, than the spurs on the biennial bearers. In such a case, 
we would again expect from the above studies on spur growth that 
many of the spurs on the annual bearers would bloom for the next 
crop, especially if such spurs had not bloomed or set the previous year. 

It may be possible to break up the biennial bearing of certain 
varieties of apples either by altering the cultural, fertilizer or pruning 
methods as suggested by different investigators, and after seeing 
what light certain pollination studies may throw on the problon, 
but at this time we have no definite information to' offer on this 
point based upon investigational work of this station. 


Correlations Between Weight of Apples and Weight op 

Seeds 


In this study of fruit spurs, each fruit produced was weighed 
the seeds removed, counted, graded as to size, whether abortive or 
not, and finally weighed. While these data were taken to study 
the influence on spur grovi;h primarily, still it was possible to draw 
some correlations between size of fruit, weight, and number of seeds, 
and also to determine the influence of weather conditions on pollina¬ 
tion and the number of seeds produced in fruit. 

Correlation tables, between weight of apples and weight of 
seeds, were worked out with the different varieties in different years 
with results as follows: 


Northern Spy 

1917 

54 specimens 

r-.8468 

=fc.0664 

Ben Davis 

1917 

113 “ 

r*.6570 

=*=.036 

Baldwin 

1917 

40 “ 

r = .5260 

=fc.0767 

Grimes 

1917 

46 “ 

r =».4590 

=fc.0209 

Grimes 

1918 

98 “ 

r«.5240 

=*=.0494 

Rome Beauty 

1917 

87 “ 

r-.3770 

>^.0620 

Rome Beauty 

1918 

72 “ 

r».5670 

= .0539 


According to biometricians, if the coefficient of correlation (r) is 
five or six times the probable error, a correlation can be said to exist. 
It can be seen that in these results, r is as high as 22 times the prob¬ 
able error in certain cases and in all cases is above 6 times the probable 
error. 

These data thus show a good correlation between weight of apples 
and weight of seed for the 5 varieties studied during 2 different years. 
Weight of seeds rather than number of seeds was used in this correla¬ 
tion, since the term number of seeds may be misleading unless one 
knows whether total number of seeds or total number of good seeds, 
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is meant. Certain varieties have a higher average number of 
abortive seeds than others, and this number varies within the variety 
in different years. The abortive seeds weigh practically nothing 
and thus weight of seeds is a clearer term to use in designating the 
amount of good seeds or seed value. Later data will show however 
that weight of seeds and number of good seeds are very closely 
correlated so that these correlation coefficients would vary but little 
if number of good seeds had been used in the correlation work rather 
than weight. 

Although these correlation coefficients appear positive in every 
case studied, it does not mean that there would be no exceptions to 
this correlation. We can easily find individual specimens which 
are heavy with few and light seeds or the reverse. Again, many 
instances have been observed where specimens of fruit have developed 
perfectly with practically no seeds, where only a few specimens per 
tree were produced. 

*Love and Leighty working with oats have shown that correlation 
coefficients may be influenced by seasonal variations, environmental 
factors, varieties, and cultural methods. Thus, it is barely possible 
that certain varieties of apples might not show this correlation. 
Within the same variety, again, the coefficient correlation, might 
vary under different orchard management or in different years. 
Pollination would of course exert a decided influence on this cor¬ 
relation. 

Where only a few specimens per tree were produced they might 
attain large weight and good size with very few seeds, but under 
orchard conditions, on trees 20 years old, bearing from 4 to 5 barrels 
per tree, these data indicate rather clearly that those fruits which 
have the greater number of good seeds, or the greatest weight of seeds, 
will generally be the larger specimens. 


• Table X 

Showing the Average Weight per Apple, Weight of Seeds, and Number of Good an 
. A hortive Seeds 


Varietj’’ 

Number ' 
of Sped- 1 
mens j 

Year 

! Average 
Weight 
per 

' Apple in 

1 grams 

Average j Average 
Weight Total 

of Seeds i Number 
per Apple! of Seeds 
in grams ‘per Apple 

Average 
Number 
Ciood 
Seeds per 
Apple 

Average 
Numticr 
Abortive 
Seeds per 
Apple 

Baldwin . 

40 j 

1917 

■ 126.5tX) 

0.2447 

7.40 

4.05 

3.35 

Baldwin . 

1 

1918 

j 128.350 

0.3111 

8.90 

5.60 

3.30 

Grimes. 

46 1 

1917 

105.934 

0.2915 

7.60 

4.50 

3.10 

Grimes . 

98 1 

1918 

71.144 

0.300 

9.70 

6.90 

2.80 

Rome Beauty. 

* 88 

1917 

132.613 

0.4010 

8.80 

5.60 

3.20 

Rome Beauty. 

72 i 

1918 

1125888 

0.4574 

9.29 

6.69 

2.60 


The Influence of Weather Conditions on Pollination and on 
THE Number of Good and Abortive Seeds in Apples 

An influence of weather conditions as affecting pollination and 
as a result the number of good and abortive seeds in apples is shown 
in the foregoing table. The average weight of apples, weight of 

*Love, H. H. and Wghty, C. E., Ccroell Univ. Agr. Sta, Memoirs 3 and 4. 
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seeds, total nimiber of serfs, number of good serfs, and number of 
abortive serfs, were obtained for all fruits in the fruit spur projects 
for the years 1917 and 1918 for the Baldwin, Grimes, and Rome 
Beauty varieties. • 

A study of the results shows that in all of these varieties, there 
were from IK to 2 more seeds per apple in 1917 than in 1918, and 
that of the total number there was a higher percentage of good seeds 
and a correspondingly lower percentage of abortive serfs in 1917 
than in 1918. 

A study of the weather conditions for these years shows that in 
1917 the weather was cold and not very clear at blossoming time 
with the restilt that the bloom was held back. Finally when the 
buds did open, the blooms lasted only a short time and the pistils 
soon became unreceptive. On the contrary, in 1918, the weather 
was warm, mild, and sunny during blossoming time, the pistils 
remaining receptive for a longer period, there was more light, and, the 
bees could work more thoroughly, and over a longer period. Thus 
the weather, including temperature, light, wind, etc., at blossoming 
time exerts a marked influence through its effect on lengthening 
the blooming period and bee activity on the number of good seeds on 
the average that apples will have during any one season. 

The Influence of Size of Crop on Size of Individual Specimens 
AS Contrasted to the Influence of Nx-mber of Seeds on 
THE Size of Individual Specimens 

We could naturally assume from the preceding correlation 
coefficients that if the crops were of about the same size on a tree 
each year, and if the other cultural practices affecting vigor of spurs 
were constant, then the individual specimens on a tree should 
be larger in the year that was favorable for good pollination. If, 
however, the tree had a much greater crop during the good pollina¬ 
tion year, then the average size of the fruit would not probably be 
increased. 

This is exactly what happened in the case of the Grimes and 
Rome Beauty (Table X). With more good seeds and more total 
seeds in 1918, the average size of apples should have been larger 
than in 1917. However, it was smaller. Records show that these 
two trees produced over twice as much fruit per tree in 1918. Thus, 
although there were good correlations between the weight of seeds 
and weight of apples for each individual year, still, even with more 
and heavier seeds in 1918, the individual specimens were smaller 
than in 1917 due to the much greater number per tree in 1918. 
The Baldwin variety, which bore only a very light crop in both 
of the years, had laxger fruit in 1918 than 1917, since the amount of 
ruit was insufficient to affect the average size in either year. 

Summary 

1. Apple thinning experiments, carried on trom 1912 to J919 
inclusive, show that neither the tree as a whole nor the ii^iviiual 
fruit spurs are influenced by the removal of part of the crop so that 
the tree or spurs bloom again the following season. Fruit thini^ng* 
then, does not affect the annual bearing of apple trees. 
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2. The size of the individual specimens left on the tree after 
thinning is greatly increased during the same year as a result of the 
removal by thinning of part of the crop. More marketable fruit is 
produced by the thinned trees and increased size of each apple in 
cases where the trees are bearing a good crop of fruit. This influence 
on size is lessened or lost altogether when trees are bearing light 
crops. 

3. The spurs on certain varieties of apples bloom more regularly 
than those of other varieties, but this does not mean that such spurs 
and varieties bear more regularly. A more likely explanation, with 
reference to fruit spurs only, of why certain varieties are annual 
bearers, is given in numbers 7 and 8. 

4. Spurs which set fruit one year, generally do not blossom the 
next year. 

5. Spurs which blossom one year but do not set fruit, often 
blossom the next year; others do not, however. 

{). These results indicate for the varieties studied that the spurs, 
which blossom two years in succession make a greater yearly growth, 
have more leaves and a greater total leaf area in the year preceding 
the second successive blooming year. Such spurs have a greater 
total length and thus all indications show that they are more vigorous. 
Thus growth and vigor to a certain degree do not oppose, but rather 
encourage, fruitfulness. 

7. These results indicate that a variety is not an annual bearer 
because the same spurs bear in succession. They indicate that either 
a certain percentage of the total spurs on such varieties do not bloom 
in the heavy crop year and thus such spurs bloom and set fruit 
the next year, or if all the spurs do bloom, a certain percentage 
of the spurs do not set and thus more readily bloom and set the 
next year. 

8. These results suggest that probably a large proportion of the 
spurs on the biennial bearers not only bloom, but also set fruit in 
the crop year. Such spurs then do not readily bloom the next year. 
Observ^ation shows that trees bearing heavy crops make very little 
spur growth during such years. We would expect then from number 
6 that very few spurs on such trees would bloom the following year. 
If greater spur growth was secured on the annual bearing varieties, 
then a greater proportion of spurs would bloom in the off-year, 
especially the non-blooming spurs of the year before, 

9. Certain varieties which produce fruit yearly, form fruit buds 
terminally and laterally on one year old growths to such an extent 
that the production of fruit from these sources is often enough to 
class a variety as an annual beareij. without reference to its fruit 
spurs. It is also possible that some varieties produce a higher 
percentage of fruit spurs yearly than do others, and as these gradu¬ 
ally form fruit buds, some annual fruit may be produced. However, 
there are many so-called annual bearers that do not produce fruit 
by any of these methods and a more reasonable explanation of their 
annual bearing is given in Nos. 7 and 8 

10. If the statements under Number 7 and 8 finally prove to 
be justified in later work, then the whole problem of biennial and 
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annual bearing appears to be affected to a degree by the sterility 
and pollination problem and is not one of growth and nutrition only* 

11. It may be possible to break up the biennial bearing of 
certain varieties of apples either by altering certain cultural, fertilizer, 
or pruning methods as suggested by different investigators, and after 
seeing what light certain pollination studies may throw on the 
problem, but at this time, we have no definite information to offer 
on this point, based upon investigational work of this Station. 

12. There appears to be a good correlation between the weight 
of the individual apples produced on a tree and the weight of seeds 
in each fruit. Since the number of good seeds and weight of seeds 
are correlated, this correlation would probably hold between weight 
of fruit and number of good seeds. 

13. Weather, including temperature, wind, sunshine, etc., 
exerts a marked influence, through its effect on the length of the 
blooming ]>eriod, light and bee activity, on the number of good seeds 
and the weight of seeds in individual apples on a tree. More gbod 
seeds and a greater weight are produced in urarm sunny seasons 
when the pistils are more receptive, and the bees can work longer 
and more effectively. 

14. With the same crops per tree and the same cultural practices, 
thus keeping good vigorous spiurs, the size of the individual apples 
of a tree should be larger in those seasons which have good weather 
at pollination time. 

15. If the crops per tree are much larger in certain seasons than 
others, then the fruit will not be larger, even though there are more 
good seeds and a greater weight of seeds. The correlation between 
weight of seeds and weight of individual apples will hold true, how¬ 
ever, in each of the separate years. 


Observations on Characters of Forms of Mains 

By C. S. Cranoall, University of Illinois, Vrbana, Illinois 

A S FIRST generation seedlings of apple crosses begin production 
of flowers and fruit, comparisons must be made between 
individuals of each group and between these seedlings and the two 
parents. These comparisons deal with the specific and varietal 
characters exhibited by the various individuals and involve matters 
of form, color, size, numbers, texture, flavor, hardiness, season, vigor, 
and so on to the end of the list of tangible things that may serve to 
indicate resemblances and differences. 

In pursuing such comparisons questions arise at every step in 
regard to the constancy and relative value of the various parental 
characteristics that are combin«i in the seedlings between wWch 
comparisons are attempted. In comparing characters of seedlings 
with like charactCTS of parmts it is e^entiaJ that there be in mind a 
somewhat definite understanding as to what may be regarded as the 
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type of each particular character as it appears in the parent. How 
shall type be understood for those characters which vary within 
wide limits in such matters as form, color, size and numbers? 

In the characterization of the genus Malus we read, petals 5, 
rounded, clawed.'^ Casual examination of flowers of almost any 
standard variety will lead to the acceptance of this characterization 
without question; but examine more carefully, count the petals 
in one, two or more hundreds of flowers and it is Ukely to appear that, 
while the majority have five petals, there are varying numbers of 
flowers that depart from this number and have from four to eight 
or even more, and, further, some petals are twice as wide as others, 
with claw twice as long. A seeding of a parent exhibiting this 
variability in number and form of petals has a considerable number 
of flowers showing variations in the same direction, some flowers 
with as many as 10 petals, which vary widely in form and lenjgth of 
daw. The question is presented, was the variation noted in the 
parent a mere fluctuation, a temporary departure from normal, or 
had this parent developed a tendency towards variation in this 
manner and was this tendency transmitted and intensified in the 
offspring? This suggests still another question; could this seedling 
be bred in line of this petal variation and a form developed comparable 
with a form of Malus spectabilis which regularly has petals in numbers 
from 12 to 29? I believe this ix)ssible, and the chief value in such 
procedure would lie in evidence gained that what, when first observed, 
might easily have been accepted as an unstable fluctuation was, in 
reality, heritable. 

Most characters of the apple, whether of tree, leaf, flower, or 
fruit are variable, some of them extremely so, as for example, length 
of petiole, length of pedicle, size of leaf and number of stamens; 
certain other characters are reasonably constant, as for example, 
number of calyx lobes. While cases have been encountered in 
which the calyx lobes were one less than the normal of five, and other 
cases having one above the normal, they are rare. 

The number of carpels in the apple ovary is said to be 2 to 5, 
mostly 5. Of 32 named varieties, fruits of only four were found 
constant in having 5 carpels; fruits of the other 28 varieties varied 
as to number of carpels, some rarely, others more commonly; the 
most variable was Winter Rambo, for in this variety 23.14 per cent 
of 1050 fruits had numbers of carpels, mostly above, but in 1 case 
below the normal of 5. Of 28 crab forms, fruits of only 2, Soulard 
and Hyslop, held constantly to 5 carpels. In fruits of Malus Malus 
flore pleno 19 per cent had 5 carpels and 81 per cent had more than 5; 
of fruits of Malus spectabilis examined, 13 per cent had 5 carpels 
and 87 per cent had more than 5; at the other extreme, fruits of 
Malus Amoldiana had 99 per cent, and fruits of Malus atrosanguinea 
96 per cent with numbers of carpels less than 5, More than 6,000 
fruits were examined from the 23 orab varieties showing departures 
from the normal number of carpels and more than one-third (33.95 per 
cent) had numbers of carpels other than 5. The maximum of 
carpels was attained by Malus spectabilis in which 8 fruits had 8 
carpels each, one had 9, one 11 and one 12; next to this was Malus 
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Mahis flore pleno in winch S fruits had 8 carpels and 3 had 9 eac^. 
In these 2 cases the additional carpels were mostly in a second whorl 
superposed upon the first. The thinimum of 2 carpels was found in 2 
fruits of Malus Arimldiana and in 1 fruit (rf Malus Sauigenti. 

_ Manuals of Botany teH us that each carpel in Mahts fruits con¬ 
tains two ovules. From examination of small numbers of fruits 
the opinion was entertmned that this diaracter was constant, but 
later examination of large ntunbers of fruits has shown that departures 
from the normal number are quite common. Of 21 standard varieties, 
fruits of only 2, Collins and Arkansas, held constant in having 2 ovtdes 
in each carpel. Departures from normal by the other 19 varieties 
were all in the dirwtion of increase in numbm. In most cases 
the additions were small, but for Winter Rambo amounted to nearly 
11 per cent and, for Shockley, to almost 85 per cent (84.63). The 
19 varieties, taken as a group, showed an increase above normal, in 
numbers of ovules, of 8.23 per cent. Of 25 species and varieties 
of crabs, fruits of which were examined, 12 held with perfect regularity 
to the normal of 2 ovules to each carpel. In 4 of the forms were fruits 
in which a few ovules had been suppressed; Malus Sdiiedeckeri 
was ^ort 16, a crab-like variety of M^us Malus 6, Malus Sargenti 4, 
and Malus Ringo sublobata 2, in all 28 ovules less than normal. 
Fruits of the other 9 forms contained ovules in excess of normal in 
numbers ranging from 1 for Yellow Siberian Crab, to 81 for Malus 
Malus flore pleno and 300 for Malus spectabilis. The large excess in 
these 2 forms was not unexpected, for both are abnormal in most 
characters. Most standard varieties and. likewise, most crabs do, 
then, vary in numbers of ovules in the carpels, not regularly or exces¬ 
sively, but enough to class the character as inconstant. 

A most distinctive character of species and varieties of Malus is 
the persistent or deciduous habit of the calyx lobes. With standaM 
varieties cal)oc lobes are, as a rule, persistent, but in some varieties 
fruits having regularly deciduous lobes are occasionally found, 
notably among fruits of Wythe, and rarely in fruits of 2 or 3 other 
varieties. With the crabs some species or varieties such as h^us 
floribunda, Malus Amoldiana, Malus baccata maxima, Malus Ringo, 
Malus Sargenti, Malus Siberica, Malus microcarpa and lx)th the 
arborescent and dwarf forms of Malus Toringo, bear fruits in all 
of which the calyx lobes are deciduous. On the other hand Mal^ 
Soulardi and Malus spectabilis have fruits whose calyx lobes are in 
all cases persistent. With other crab forms there is a division: 
some of the fruits on any particular tree have the lobes persistent, 
while for other fruits they are regularljr deciduous; thus for Malus 
atrosanguinea 99.16 per cent of the fruits had deciduous calyx lobro 
and only .84 per cent persistent lobes; in one form of Malus pruni- 
folia 2.85 per cent of the fruits had deciduous lobes and 97.15 per 
cent retained the lobes. One red-fruit«i tom of Malus baccata 
had 88.5 per cent of the fruits with deciduous lobes and 11,5 pwr 
cent, with persistent lobes; another variety of baccata had 83.43 
per cent of the fruits with deciduous Idses and 16.57 per ciefit with 
persistent lobes. These last percentages were determined from 
71,286 fruits, the product of five trees to three years. Behavior of 
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calyx lobes has been observed and recorded for 41 crab forms, mostly 
from sufficiently large numbers of fruits. For 16 of these forms the 
lobes are regularly deciduous; for 13 forms they are as regularly 
persistent and for 12 forms there is a division, some fruits on each 
tree having deciduous, others persistent lobes, the percentage varying 
widely. Division on a character so distinctive as this, as it appears 
in fruits of these 12 forms of Malus, is strongly suggestive of hybridity 
and when this division is considered in connection with obsen^ed 
variability in most other characters the evidence of hybridity be¬ 
comes quite convincing. Evidences of hybridity, however, are not 
to be limited to those forms that vary in this calyx character; some 
of the crabs exhibiting constancy in this, are so widely variable in 
other characters, that their hybrid nature is as evident as in the 12 
forms variable as to calyx. In fact, it is believed that instability in 
characters, as found in most of the crab forms in the station collection, 
appears as a direct result of hybridity. 

Naturally there are wide differences between these crab forms in 
the degree of inconstancy of characters; some exhibit greater 
stability, and a higher degree of fixity in characters than others; 
in some, observed inconstancy may be limited to characters of lesser 
importance, in others it involves the most distinctive specific charac¬ 
ters. The forms most constant in important characters may be 
supposed to have existed through an indefinite number of generations 
without admixture of widely different forms; they are the forms 
that most nearly approach wild types and they have a degree of 
stability that gives them the power to dominate in the progeny of 
such crosses as may be made with them. There is no apple form, 
either standard variety or crab, in the collection that has a known 
history beyond the seed parent; a few are known to be seedlings of 
other forms, but in no case is the pollen parent known and nothing 
whatever is knovm of more remote ancestors. 

I might go on and detail facts regarding variations in size of 
flowers, numbers of stamens and styles, size and form of leaves and 
fruits, for in all these characters there is as frequent and as wide 
variation as for those characters that have been considered, but 
the general statement that all characters which may serve to separate 
and distinguish species and varieties, are variable, often extremely so, 
will be sufficient. 

How these inconstant apple characters will transmit, how strongl}’' 
they will impress themselves upon hybrid progeny and how they will 
segregate in a second generation can only be determined by growing 
seedlings of controlled crosses to full development and then, from 
these seedlings, producing a second generation from self-fertilized 
seeds. This is a long and tiresome process; it involves much un¬ 
certainty and deserves to be regarded as one of the most discouraging 
features of apple breeding. Something, however, is to be learned 
from study of first generation seedlings from controlled crosses 
and this study can be made, at least in part, in connection with the 
descriptive work which is assumed to be essential to the maintenance 
of complete historical records of each and every seedling producai 
from controlled crosses, because such records will be indispensable to 
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proper interpretation of results from a succeeding self generation, 
when and if such generation is attained. 

Not all groups of first generation seedlings suggest the parent 
varieties by their vegetative characters; seedlingsof thecross Fameuse 
X Ben Davis exhibit no character of growth habit, bark color, or 
leaf size that is perfectly characteristic of one parent and not of the 
other. Such seedlings must, of course, be described, but judgment as 
to their affinities should' be deferred until flowers and fruits are 
available. Seedlings from matings of varieties with large leaves 
such as Oldenburg and Yellow Transparent, and with varieties such 
as Jonathan and Ben Davis w^hich have small leaves, show, in the 
majority of individuals, leaves of large size, but individuals with 
small leaves and others having leaves of intermediate character 
are not w'holly wanting. There are other groups of seedlings that 
exhibit in many characters, and sometimes in all, unmistakable 
dominance of one or the other of the parents; these are, in most 
cases, the product of crosses in which a large-fruited variety is 
mated with a small-fruited crab. Seedlings of crosses involving 
Malus floribunda, Malus Sargenti, Malus Toringo, Malus atro- 
sanguinea and possibly a few other equally distinct forms, whether 
these forms appear on the male or female side, nearly always resemble 
these forms in a striking manner. Trees from the cross Tolman X 
Toringo are, in appearance, Toringo trees that have been invigorated 
and improved without sacrificing strong resemblance to the male 
parent; the same is true of crosses between Malus floribunda and 
Fameuse, Malus atrosanguinea and Tolman, and various other 
similar combinations. 

Since hybrid seedlings now available include 495 distinct parental 
combinations representing 44 standard varieties and 45 forms of 
crabs, they are of great variety and afford ample material for such 
studies of character beha\nor as may be undertaken. It is entirely 
proper to class such studies as are here suggested as research, since 
they involve “continuous and laborious search after truth’'; they 
constitute a major part of experimental breeding, because through 
them must he developed the means for determining manner and 
process of evolution. The field here open is promising, but the 
demands upon patience and energy are severe, discouragements are 
likely to be frequent, and only tenacity of purpose will lead to attain¬ 
ment of such degree of success as may he accepted as a satisfactory 
reward. 

Preliminary to, in fact prerequisite of, such studies as I have 
in mind, is an intimate knowledge of generic, specific and varietal 
characters of the individuals of whatever group is to be the subject 
of study; this knowledge is only to be attained through direct 
observation of particular characters as expressed in many individnals; 
the observations must be carefully made and rightly recorded; 
together they constitute a body of facts upon whidi to base con¬ 
clusions and the larger the accumulation of facts the more Btabl^ 
the foundation for succeeding steps. 

No apology is necessary for the expenditure of unlimited effort in 
determining the range and directicm of variation and the genial 
b^avior of any tangible characteristicof any member of a subject group • 
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Observations on French Horticulture 

By S. W. Fletcher, Pennsylvania State College, State College, Pa. 

I MUST admit that my observations on French Horticulture are 
* frapnentary and perhaps distorted. They were made after 4 
years of war had left their impress, in abandoned vineyards, un¬ 
pruned fruit trees and neglected gardens. The horticulture of 
France .suffered far more during those tragic years than her agricul¬ 
ture. Nevertheless what I saw confirm^ my admiration for the 
horticultural genius of the French. 

My most vivid impression was the small size of the holdings. 
Compared with our farms, those of France seem pigmy. There are 
some large farms, equal to our best in every respect, but most of 
them are under 10 acres. The average size of all the farms of France 
is 15 acres ; of the United States, 145 acres. Moreover, the 15 acres 
u.sually are in a number of widely scattered parcels. I met a 
Burgundy grower who owns a farm of 10 acres, divided into 43 
fields, some of which are 2 miles apart. In leasing 250 acres for the 
use of the American Expeditionary Forces Farm School at Allerey 
over 100 land owners were involved. These are not exaggerated 
illustrations. 

The small holdings and scattered fields explain much that seems 
backward in French agriculture. They account for the lack of 
machinery, and for the large amount of hand labor with primitive 
implements. With the aid of modem machinery, one energetic 
American farmer accomplishes as much as 10 French peasants. 
It is interesting to observe that in reorganizing the reclaimed portions 
of the devastated area the French government is assigning each man 
a holding of one field: and is replacing the hVench farm village with 
the American farmstead—a home on the farm, instead of in the 
village. These are the main reasons why France has fruit gardens 
instead of orchards. There are a few large plantings of fruit, parti¬ 
cularly of the olive and the grape, but for the most part they are 
under 10 acres. The largest apple orchard I saw’ in Normandy 
was less than 20 acres. France is a land of garden farming. 

Another distinctive feature of French horticulture is the training 
of dwarf trees. To a French gardener, a fruit tree is plastic material, 
to be moulded into any form that may please his fancy. They 
delight in the formal style both in fruit growing and in landscape 
gardening. An American fruit grower cannot be expected to be¬ 
come enthusiastic over an apple tree in the form of an umbrella, 
or a pear tree in the shape of a rooster, except as a demonstration 
of the skill and patience of the gardener. Practically all of the 
dessert fruit is growing on dwarf trees. Most of the trees are grown 
“en espalier,” trained to walls or wrires, and in nmnerous geometric 
designs. Peaches growing in a cold frame are of interest to an 
American. A Frenchman spends about as much time on a dwarf 
tree, bearing 30 fruits, as an American on a standard tree bearing 
3,000 fruits. 
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Dwarf trees are grown commercially as well as for home use. 
Near Lyon I saw several plantings of at least 10 acres each, all the 
trees being trained to wires, like grapes. The French grow dwarf 
trees commercially even when much larger yields could be secured 
from standard trees. The Superintendent of the School of Horti¬ 
culture at Beaune estimated that one man could care for one acre 
of dwarf trees, from which a gross annual return of about J^SOO.OO 
might be expected, t The head gardener of the Horticultural Society 
of Le Mans stated that an average crop per tree was twenty-five fruits 
or twelve kilos. He considered 1500 kilos, or 3,000 fruits a fair crop 
from his acre of land in dwarf trees. I hazard the opinion that the 
French are not producing as much fruit per acre as they should, 
because of their passion for geometric training. Dwarf trees produce 
fruits of remarkable beauty and quality, but few of them. That is 
why one pays 15 to 30 cents each for apples in Paris. 

In comparison with these petted and pampered dwarfs, the 
standard trees are sadly neglected. Practically all are in sod and 
full of brush, and many are garnished with mistletoe. Perhaps 
this is another case of “C’est la guerre’*, but I am under the impres¬ 
sion that even before the war the standard trees received little of 
the care that is lavished on the dwarfs. Nowhere did I see an apple 
or pear orchard that would satisfy the best American ideals. Pos¬ 
sibly this is because such a large proportion of the fruit from standard 
trees is used only for making cider. One does not live in France 
very long before observing that fruit is grown mainly to drink, not 
to eat, as was the case in America scarcely 75 years ago. The trees 
are often kept 5 or (1 years in the nursery before transplanting, and are 
headed very high. I have a photograph of a nursery row of apple 
trees, none of which have branches less than eight feet from the 
ground. 

The most striking deficiency in French orchard practice is in 
spraying. It seems strahge that a land that gave birth to modem 
spraying, at Bordeaux, should not have applied it more generally. 
The vine is sprayed and dusted quite thoroughly and the Fmnch 
have an excellent line of vineyard sprayers; but one looks in vain for 
an orchard power sprayer, or even for a good hand pump. At the 
great industrial and agricultural fair of Lyon the only spray outfit 
for fruit trees that I cotddfind wasa5gallonknapsackpump, A winter 
wash of whale oil soap is often given, but summer sprays of 
sulphur or tobacco, are rare. I met no one who uses arsenites, 
although the loss from chewing insects, especially a species of green 
fruit worm, is often heavy. The apple suffers seriously from woolly 
aphis. The fruits on dwarf tre<^ are commonly covered with papiM: 
sacks soon after setting. This gives them a waxy finish and delicate 
coloring. The Chasselas and other table grapes are also 

Of varieties there is no end, and most of them are local. The 
pears in French gardens are our old friends, the Comice, Clairgeau, 
Angouleme, Louise, and even the Bartlett, which is here the centuri^ 
old *’Bon Chretien/’ Many of the plums and cherries ate famiKi^,. 
but the varieties of apples are wholly new. There aie some 
able late blooming apples in the orchards of Normandy. On ^ “ 
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I saw trees that were barely bursting their winter buds, although 
the petals had fallen from most of the other trees. There is excellent 
material here for the breeding of late-blooming varieties for America. 
At several points in France, and near Coblenz, Germany, I observed 
successful roadside planting of apple trees. They were mostly cider 
apples and were not sprayed. The trees are owned and the fruit 
harvested by the village or commune. In southern France the 
Persian walnut is grown as a roadside tree. I was told that the 
income from the nut harvest contributed very materially to the up¬ 
keep of the roadbed. In America, roadside fruit trees would need to 
be sprayed frequently or they would be pest breeders; and I fear 
the public, not the township, would get most of the fruit. Roadside 
planting of fruits and nuts seems to me wholly impracticable here, 
except, possibly, under private ownership. 

The premier fruit of France is the vine; it exceeds in importance 
all other fruits together. I have heard it estimated that 15 per cent 
of the labor of France is engaged in the growing, making and selling 
of wine. A Frenchman drinks water only from dire necessity. I 
read some of the literature of the National Society for Prohibition 
and looked in at a sparsely attended meeting. Possibly this seed 
may bear fruit some time, but the plant will have an exceedingly 
slow growth in this very unresponsive soil. 

I was interested in the hail guns which are scattered through some 
of the best Burgundy vineyards, about half a mile apart. These 
are funnel shaped, and about 20 feet high. On the approach of a 
hail cloud a telephone warning is sent to all the stations in the district 
and an immense rocket is discharged into the cloud by the gunner. 
These burst at an altitude of 2000 to 3000 feet and, so I was told, 
dissipate the cloud. I do not question the efficiency of this treatment 
on a French hail storm, but I am skeptical whether an American hail^ 
cloud could be swerved an inch with sky rockets. Smudging for 
frost protection has been abandoned as impracticable. 

Interesting as are the vineyards of France, the vineyards of the 
Rhine and the Moselle rivers, in Germany, impressed me as the last 
word in spectacular and laborious horticulture. Slopes at an angle 
of 45 degrees, or greater, are terraced and planted. Pockets are 
cut from the face of cliffs and filled with soil brought from the lower 
slopes on the broad backs of German men and women. The garden¬ 
ers cover the surface of this made soil several inches deep with frag¬ 
ments of rock, to prevent erosion, absorb heat and conserve moisture. 
The labor of many generations has been expended in terracing these 
mountains. The wine from the Rhine vineyards is worth several 
times more than that made from the same variety when grown on 
heavier soils, or on more level land. 

I spent a day in one of the oldest, if not the oldest, commercial 
strawberry growing districts in the world, near Brest. It was here 
that a Frenchman, Captain Frezier, brought plants of Fragaria 
chiloensis from Chili in 1712, having saved them from death during 
the long voyage by sharing with them his scanty allowance of water* 
They became the progenitors of a notable strawberry industry, 
which persists to this day. The plants are grown in raised beds, 
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about three feet wide, and are spaced uniformly. Runners are kept 
pulled off until the third year, when a new bed is started and the 
old one plowed under. Most of the berries are picked hulls off, 
as was the practice in America 75 years ago. They are packed in 
returnable sea-reed or willow baskets holding 5 to 25 pounds, and 
brought 18 cents a pound wholesale this year. 

The nursery industry of France was practically ruined by the war. 
I visited Angers, once the center of a large trade with America, and 
found great desolation. The nurserymen are very bitter about the 
American restrictions on importations. It will take several years 
for the industry to recover; by then I hope America will have 
developed its own resources to the point where it no longer will be 
dependent on Europe for fruit stocks and ornamentals. French 
nurserymen will not have in the future so great an advantage in 
the way of an unlimited supply of cheap, skilled labor. 

Much has been said in some of our periodicals about the destruc¬ 
tion of orchards in northern France, and the impression has been left 
that this will result in a greatly increased demand for American fruit 
abroad. It is true that thousands of acres of orchards have been 
ruthlessly, and in most cases needlessly, destroyed by the Boche, 
but I doubt if the loss is great enough to have much influence on the 
demand for American fruit. The American Red Cross has contrib¬ 
uted 40.000 fruit trees to help replant the devastated area. Lest 
wc forget, let me remind you that 6,000 square miles, containing 
15 per cent of the tillable land of France, was wholly or partially 
destroyed for agriculture. This is an area equal in size to the states 
of Connecticut and Rhode Island. About 250,000 acres are beyond 
redemption for agriculture. 

The emphasis on handicraft in the horticulture of France is 
reflected in the type of instruction offered in the schools of horti¬ 
culture. At the National School of Horticulture, at Versailles, 
the students have 3 hours of lectures and 6 of practice each day. 
The 3 year course leads to a diploma. The school has 25 acres of 
land, crossed with numerous division walls on which fruit trees are 
trained. The dwarf trees are closely planted, and vegetables are 
grown between them. There are 1,4(X) varieties of fruits in this 
25 acre garden. The students learn by practicing under the watchful 
eye of the gardener. It is a trade school, not a college. College 
education in horticulture, as we know it in America, does not exist 
in France. The National Horticultural Society is active in horti¬ 
cultural extension; it sends out experienced men to give lectures 
and demonstrations in public gardens and parks. Nearly every 
city has a local horticultural society. The one at Le Mans, for 
example, has a membership of GOO; the men pay 10 francs a year, 
the women 5 francs* and the city contributes 1,300 francs. The 
society maintains a Jardifides plantes^ greenhouse^ and a fruit and 
vegetable garden. Each member is supplied with fruit, flowers 
and vegetables from the garden, in order as determined by lot. 

I have reserved until last what is perhaps the most distinctive 
feature of French horticulture, and one that is most worthy of emukr: 
tion in America, The French are plant lovers. Amateur hprtjr 
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culture reaches its highest expression in France. No home is so 
humble, no yard so small, that it is not utilized and embellished witji 
fruits, flowers and vegetables Every inch of space is made to 
count. The high stone walls that almost invariably surround the 
home grounds are draped with fruits; even the garden walks are 
edged with cordons. There are coldframes against the sunny walls, 
and vegetables on every foot of land not otherwise occupied. Every¬ 
body is interested in horticulture; it is the national diversion of a 
thrifty and artistic people. With this background of amateur 
interest it is easy to see why the French have contributed more to 
horticulture, especially in plant improvement, than any other race 
with the possible exception of the English. The problem that the 
American Pomological Society is now facing—^how to revive amateur 
interest in pomology—does not exist in France. It is most unfortu¬ 
nate that great achievements in commercial horticulture have been 
wrought at the expense of the amateur interest that our forefathers 
brought from Europe. In old days, when nations went to war, the 
victors brought home plunder. The only plunder Americans brought 
back from overseas aside from a deeper love of country, is an appre¬ 
ciation and appropriation of the best things in the life of Europe. 
One of these, I hope, is the amateur interest in horticulture. 


Methods of Approach to Horticulturid Problems 

By Henry D. Hooker, Jr., University of Missouri, Columbia, Mo. 

A STRIKING feature of horticultural literature is the diversity 
^ of opinions held by our leading horticulturists concerning 
many fundamental questions of orchard management, and the 
large body of data which can be adduced to substantiate diametrically 
opposed views. ' It is my intention to point out the reason for these 
discrepancies, and to suggest a remedy. 

Take for example the question of bud selection, and the value of 
pedigreed nursery stock. Hedrick (N. Y. Agr. Exp. Sta., Cir. No. 18, 
p. 16) states, ‘'The Geneva Station has an experiment, which gives 
precise evidences on this question of pedigreed stock. Data showing 
the variations in diameter of tree, and in productiveness can be 
found in Bulletin 339 of this Station, and will go far to convince any 
one that uniformity of behavior as regards vigor and productiveness 
of tree and size and color of fruit cannot be perpetuated. . . . 

In conclusion, the burden of proof is upon those who advocate pedi¬ 
greed trees.*' Shamel, Scott, and Pomeroy, (U. S. Dept. Agr»» Bui. 
No. 623, pp. 143, f45) present abundant evidence of the isolation of 
strains of the Washin^on Naval orange by bud selection and they 
state, “Enough evidence has been secured in these investigatiOTtS 
to warrant the statement that in all probability all the strains of the 
Washington Naval orange can be isolated through bud selection. 
The isolation of the strains described in this bulletin can be effected 
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either through the selection of bud wood from typical trees in estab¬ 
lished orchards, or from Unlb variations occurring in bearing trees 
in Wa^ington or other strains.*' And again they state, “So far, 
not a single failure has been observed in transmitting the characteris¬ 
tics of the parent trees by means of the selected huds. The large 
amount of positive evidence as to the possibility of improving un¬ 
desirable trees by top-working them with selected buds has resulted 
in the almost universal adoption of this practice by California citrus 
growers.’* 

Then there is the question of winter versus summer pruning of 
apple trees. Vincent (Ida. Agr. Exp. Sta., Bui. No. 98. pp. 3, 28) 
gives data showing results under both methods of. pruning covering 
a period of eleven years. He says, “The pruning of apple trees in 
winter to encourage wood growth, and in summer to induce fruitful¬ 
ness are principles that have long been recognized by horticulturists. 
It is surprising to learn in reviewing the literature that these prin¬ 
ciples are based on very meager experimental evidence; moreover the 
experimental evidence from different sources in many ways is con¬ 
tradictory.” And again, “On the basis of the total production for 
the first seven crops, summer pruning has produced the greater yield 
in all varieties. The average annual increase per tree for each 
variety was as follows: Jonathan 5.17 pounds; Rome Beauty 8.37 
pounds; Grimes 7.22 pounds, and Wagener 40.98 pounds. The crop 
value per acre as determined by both color and yield shows an average 
gain in the 3 summer-pruned plats over winter pruning as follows: 
Jonathan $52.33; Rome Beauty $53.()4; Wagener $30.69.” Batche¬ 
lor and Goodsf^eed, (Utah Agr. Exp, Sta. Bui. No. 140, p. 3) in dis¬ 
cussing the same problem express themselves as follows, “The 
majority of horticultural writers seem to favor the summer pruning 
of apple trees. The practice, and the arguments made in its favor 
var>’ widely and in some instances seem almost contradictory. 
On the other hand, some experimenters and practical workps have 
obtained negative results by summer pruning from the viewpoint 
of crop production and tree growth.” In summarizing the experi¬ 
mental data collected from the study of 126 trees, they arrive at the 
following conclusions, “The summer pruned trees averaged less 
marketable fruit per tree than either the winter pruned or the un¬ 
pruned trees. The winter pruned Gano trees produced less fruit 
than the unpruned trees. Summer pruning in the orchard has proven 
neither profitable nor successful in increasing crop yields. . . 

vSummer pruning reduces the area of fruit bearing wood, the vitality 
of the tree, and the productivity.” 

Now let us consider a third question of fundamental significance 
in orchard management, namely, the value of fertilizers. Hednck 
(N. Y. Agr. Exp. Sta. BuV. No. 339) on the basis of fift^ years* 
experimenting to determine whether it is necessary to fei^lize apple 
orchards, comes to the following conclusion: “The fertilizers have 
no sensible effect upon the yield of fruit in this experiment* 
trees in this experiment would have been practically as well off had 
not on ounuoe of fertilizer been applied to them. One muet conclude 
that if feitilizers have no value in this orchard they have no Value 
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inmanyother orchardsin New York/' Andin speaking; of the specific 
value of nitrogen fertilizer he says, ‘‘There is slight evidence that 
trees on plats to which nitrogen is applied are making a greater 
annual growth of branches/* Stewart (Penn. Agr. Exp. Sta. Bui. 
No. 100) working on the same problem arrives at diametrically 
opposed conclusions. His data were collected from eleven orchards 
including over 2000 trees. He concludes, “Nitrogen is apparently of 
much greater value in apple orchards than is generally supposed. 
Its addition has greatly increased the quantity of fruit. Many 
failures with potash and phosphate have doubtless been due to a 
deficient nitrogen supply.** 

These three illustrations show how widely divergent are the 
opinions of our most capable horticnilturists on three important 
problems of orchard management: value of bud selection, effect 
and time of pruning, and application of fertilizer. It is evident that 
no definite conclusions in regard to these particular problems can 
be arrived at by the current procedures so long as different investi¬ 
gators can obtain such contradictory results. It is not as though 
these differences of opinion were not honestly arrived at, and sub¬ 
stantiated by a large amount of careful and painstaking work. 

These procedures have been tried out with great care and expendi¬ 
ture of labor, and the effects of these procedures have been judged 
by the ultimate improvement in quality and quantity of fruit pro¬ 
duced. But between these two end points, there is a whole series of 
intermediate stages that have been neglected. Itisasif we were to 
judge a book solely by the introduction and conclusion. These may 
give us the subject matter, but they do not tell us its value, or whether 
we should have arrived at the same conclusions. And just so with 
these experiments, the knowledge of the fundamental changes 
occurring within the plant is wanting, and it is only by means of 
this knowledge that we can judge the value of the effects procured. 
These fundamental changes are the alterations in the physiological 
and chemical equilibrium of the organism, at once the functions of 
the procedure used and the factors determining the effects observed. 
It is only by paying attention to the changes going on inside of the 
organism and by obtaining exact information of what these changes 
are, that uniformity of conclusions must result. Then there may be 
a division of opinion concerning ways and means, but there can be 
none concerning the facts. 

These points may be best brought home by reference to a partic¬ 
ular problem. Let us take for example the "treatment of orchard 
trees by pruning, and the application of fertilizer. Stewart in the 
bulletin just referred to lays emphasis on the principle of limiting 
factors, and taints it out as follows, “The we^est factors largely 
control and limit the crop and through them it can be affected. 
Consequently, the value of attention to any factor is essentially 
proportioned to its need. In general, therefore, applications of 
plant food will be of most value when it is the limiter. In the presence 
of other still weaker factors its effect may be wholly lost. The 
l^t orchard treatm^t probably consists in the discovery of crop- 
limiters, their elevation to the level of the other factors and the 
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maintenance of a properly balanced treatment thereafter/’ This 
recognition of the principal of limiting factors is absolutely essential, 
but a more accurate conception of exactly what limits the plant’s 
activity is necessary. These limiting factors are not solely factors 
of the environment. They are relations between the environment and 
the organism. This may be easily illustrated by the behavior of 
trees to low temperatures at different seasons of the year. The 
same temperature which may be quite harmless late in the winter 
will kill buds in the spring after they have begun to open. Plants, 
such as cabbage, tomato, and lettuce react to low temperatures 
very differently before and after a process of hardening. This shows 
that the organism must be taken into consideration in a discussion 
of limiting factors, and it is precisely the organism which has been 
lost sight of in most horticultural investigations. 

In medical practice the first essential is diagnosis, and this is 
the basis for prescription and treatment. Complete diagnosis 
involves chemical examination of the body fluids, and knowledge of 
their normal composition is a necessary prerequisite to recognition 
of diseased conditions. In treatment it is necessary to know^ the 
effects of the indicated remedies on the pathological conditions 
which have been ascertained. The data which physiolog}" and 
physiological chemistry have placed at the disposal of the ph3’'sician 
is his basis for practice, and similar data can be made available 
for horticultural problems. 

The procedure which horticulturists should follow^ in attacking 
I>roblems of nutrition and physiological regulation of fruit trees is 
directly analogous to the procedure used in medicine. The first 
prerequisite to any sound scientific horticultural treatment is diagno¬ 
sis, and for this three things must be known: first, the normal 
relationships between the essential and indicative constituents of 
the fruit tree and the approximate limits within which variations 
may occur without involving a decrease in the quantity or quality 
of fruit, a change in the regularity of bearing or a decrease in hardi¬ 
ness and vitality ; secondly, what constituents should be looked into 
and the significance of wide variations in these particular constit¬ 
uents, and the absolute amounts of these constituents will probably 
not be as indicative as the ratios betw’een them; thirdly, the prevail¬ 
ing condition in any particular tree or orchard under investigation 
and the direction in v/hich changes should be effected. Some con¬ 
venient means must be fcmnd to obtain with surety and ease an 
indication of the actual conditions prevalent. After diagnosis 
has been made, the effects of various treatments, such as pruning, 
the application of fertilizer, grafting, etc., must be determined and 
the way in which these treatments affect the physiological condition 
of the'^tree and the relative amounts of its essential constituents. 
Finally, application to specific cases is possible on the basis of the 
diagnosis and a knowledge of the effects of various treatmen^ts and 
then it will be possible to obtain effective means of producing the 
desired results which always involve in the last analysis an increase 
in the quality and ejuantitv of fruit production. 

The value of exact diagnosis of the condition of the plant may 
be illustrated bv some recent work of Kraus and Kraybill (Ore. Agr. 
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Exp. Sta. Bui. 149) on ‘'Vegetation and Reproduction with special 
reference to the Tomato.” These authors show that the fruit 
production of tomato plants depends ujKjn a definite balance be¬ 
tween the amount of nitrogen and the amount of carbohydrate 
present, there being relatively small amounts of nitrogen and large 
amounts of carbohydrate in productive plants. They find however 
that a lack of producti\nty may be caused by a too small nitrogen 
content as well as by a total nitrogen content large in relation to 
the carbohydrate. In such cases the nitrogen is apparently a 
limiting factor. Work of the Horticultural Department at the 
University of Missouri shows that a similar state of affairs holds for 
the productivity of apple trees. It is evident that a knovvledge of 
this nitrogen-carbohydrate ratio is an essential prerequisite for 
diagnosis of the unproductive plant, because lack of productivity 
may be correlated with either a high or a low nitrogen content and 
effective treatment is im]:)ossible without an exact knowledge of 
which of these conditions is prevalent. Rut if an analysis is made 
and the relative amounts of these constituents have been deter¬ 
mined, then it is possible to determine wdiether treatment involving 
an increase or decrease in the nitrogen supply will induce producti¬ 
vity. 

It would seem feasible to develop a procedure suitable for most 
fruit-bearing plants which would give an exact indication of the 
prevailing physiological conditions. For this a chemical analysis 
of the fruit spurs of fruit buds with or without nodes is recommended, 
since these portions of the plant seem to have reflected in them the 
general physiological condition of the plant and since the\^ are of 
particular interest to the horticulturist. Reasons for the determina¬ 
tion of the nitrogen and carbohydrate content are apparent. This 
involves determinations of total nitrogen, protein, amino-acids, 
nitrates, reducing and non-reducing sugars, starch and total poly¬ 
saccharides. Further detei-minations should be made of the moisture 
content, titratable acidity, hydrogen ion concentration, total ash. 
potassium, phosphorus, and in addition perhaps svil[)hur and cal¬ 
cium. The.se anal37'ses should be made at intervals throughout the 
year so as to furnish a base line for the normal variation of each of 
these constituents and their interrelationships. Without doubt, 
correlations will become apparent so that the number of determi¬ 
nations may be reduced and the significance of the remainder in¬ 
creased. When sufficient work along these lines has been done to 
supply us with a fairly accurate knowledge of the norma] amounts 
and relationships of the essential constituents throughout the year 
in each of our fruit producing plants it will be possible to state 
definitely with respect to any individual case in what direction 
these amoimts or ratios should be changed. After this the effects 
of various types of pruning at different seasons of the year, the effect 
of combinations of these prunings, the effect of the application of 
fertilizer to plants in various conditions must be ascertained with 
special reference to the alteration produced in the chemical composi¬ 
tion of the plant. Not until these preliminary investigations have 
bem completed will it be possible to prescribe with certainty treat¬ 
ments that will be effective in producing the desired results. 
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On the other hand this procedure, the most important item of 
which is diagnosis, oj^ up enormous possibilities in horticultural 
science. Eventually it should be possible to analyze a few fruit 
spurs from a tree and to know immediately wherein the physiological 
condition of that tree is abnormal with respect to maximum producti¬ 
vity and to know what treatments will correct the abnormality. 
Formerly it has been the custom to reconamend orchardists to carry 
out experiments on a few trees in their orchards with the hope of 
discovering better procedures than those used in the main part of 
their orchard, but results from such experiments usually cannot be 
obtained inside of several years and their value is seriously impaired 
by the necessary delay and expense. 

In the interests of horticultural .science, therefore, it is essential 
to collect data concerning the fundamental ph 5 reiological condition 
and chemical composition of our fruit-bearing plants and to ascertain 
the approximate limits within which variation may occur without 
producing a decrease in the quality and quantity of fruit. The 
larger the body of available data on this subject, the greater will 
be the ease in detecting abnormal tendencies, and the surer and the 
more rapid will be the progress in devising means for their correction. 


Cooperation in and Coordination of Investigational Work 

in Horticulture 

By L. C. Corbett, United States Department of Agriculture, 
Washington, D. C. 

^HOSE wise, far-seeing framers of the laws which brought the 
* American Agricultural Exijeriment Stations into existence, 
made it possible for each state to develop an institution to which its 
many local agricultural problems may be brought for analysis, study 
and investigation. In those in which horticulture forms an im¬ 
portant economic factor, the science in which we are interested will 
come in for its proportionate representation on the staff and share of 
the funds. 

Each state should, if this theory is followed, possess a staff of 
trained men who direct their time and effort to the solution of the 
pressing problems of the horticultural industries of that state. Many 
of these horticultural problems are local or regional in character. 
It is necessarv, however, for the greatest degree of success in fruit 
production, to know the varieties best suited to a particular soil 
and environment. Then, too, soil types vary in different localities 
and the question of how to handle the soil and to feed the plant in a 
particular section varies so much that each farm presents problenis. 
which must be solved either by the owner,,the county agent or the 
state horticulturist. 

Not all these problems are new or fundamental in character; 
many in fact are local adaptations of fairly well known principles 
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facts. Such work, in my judgment, must in general be done by the 
county agent. It is the tailoring job of the trained horticulturist. 
It involves fitting the practices to the crop and the conditions; 
it involves taking the measurement of a situation by a series of 
'W'ell planned trial plots to determine the size of the pattern to be 
used. The character of the garment and the fabric to be used may 
have been worked out by a Hedrick or by a Stewart, but the local 
tailor must insure the fit. 

Beside these innitmerable local and ever present farm problems 
which are of first magnitude to the immediate owner and operator, 
there are the broad fundamental problems of plant feeding and the 
maintenance of profitable crop returns. These problems have long 
been recognized, and a few institutions have inau^trated weU 
planned long-time tests to throw light upon them, but in the main, 
this has been work based on the experience of a single ^oup of 
investigators, namely, chemists, and not the result of the joint effort 
of expert horticulturists collaborating with plant physiologists 
and biochemists. This is probably as large a group as can at present 
be assembled to undertake a study of plant reactions under varying 
emdronmental conditions and upon different soil types. As soon 
as such men exist, however, I would add another type of investigator 
to this group. This individual should be as thoroughly informed 
regarding the relation of the soil flora and fauna to the underground 
parts of the plant as are our pathologists and entomologists concern¬ 
ing the flora and fauna of the parasites that attack the above-ground 
parts of plants. We would then require cooperative or group 
leadership in the planning, execution and interpretation of investi¬ 
gations designed to determine the relation of plants to environment. 

It v'ill at once be evident that an investigation so planned and 
executed in a single place, on a given soil type, and in a definite 
climatic area, would still lack the comprehensiveness necessary to 
make it of optimum value and importance. It should, therefore, 
be repeated in as many sections as the variation in soil and other 
environmental factors would indicate necessary to a comprehensive 
study of the inter-relations of plants with soils, so-called plant foods, 
climatic, and when possible, bionomic factors of their environment. 

Such an investigation would not only involve cooperative or 
collective outline, planning and execution and interpretation and a 
coordination of effort on the part of all concerned, but also a co¬ 
ordination of location with industry or possible industry. 

Some day I trust the forces of our research institutions may 
become sufficient!}* stablized to permit and warrant the undertaking 
of comprehensive studies of such a nature. At the present time, 
no such investigations are under way, but work is developing which 
may ultimately build up a coop^ating gi'oup for handling some of 
the broad |>roblems of plant nutrition and plant adaptation. 

What are we horticulturists really doing to solve the many 
problems of the industries we represent which overlap state bound¬ 
aries, problems which are regional in scope? But, you will say, how 
atxmt the United States Department of Agriculture handling the 
regional problems? Very good. It is this class of problems to 
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which the Department worker directs his major effort, but many of 
these problems are so complex in character and require to be carried 
out imder such a diversity of environments that they immediately 
develop aspects which require that they be taken up within the 
limits of the state. Then the question of cooperation or professional 
privilege develops. 

This question of cooperation between officers in different states* 
and between state and Federal officers is one which shopld be given 
thought and due consideration. If the comprehensive problems 
of horticulture are to be investigated, the work must be carried on, as 
I have already suggested, by a group of investigators who will co¬ 
operate in the development of the project itself, who will act in 
unison in its projection, but who must have the mord, and often 
the active supx^rt of the investigators in the local field. There are 
series of investigations annually carried on by investigators that are 
not accomplishing their greatest Uvsefulness. . 

These studies have to do* with the test of sorts, the application of 
fertilizers, dates and methods of planting, cultivation,* etc. When 
this great mass of work is all done, it has only very limited local 
significance—why? Because no two follow the same plan and as a 
result the work is of little value because it is not comparable and so 
cannot serve as the basis for broad generalizations. 

The investigational work of the country has been under way for 
a sufficient time to warrant the industries in expecting such results, 
but the work as it has been and is now being conducted does not for 
the most part contribute to such an end. 

This regrettable result is, I believe, largely attributed to our 
democratic system of handling the work. Each state is an independ¬ 
ent unit and each worker is largely pursuing work along lines which 
he considers of importance to his constituents, or which, too often» 
appeal to him |:^rsonally, regardless of its relation to local industries. 

I trust the time will comewhenthe time, effort and money devoted 
to variety trials, fertilizer tests, rates of'seeding, etc., may all be 
carried out in such a way as to make the results comparable. If so 
simple a plan as that of all using the same outline blank for making 
obsen^^ations on varieties were to be carried out, much progress 
would be made. Until we prove ourselves capable of doing so 
simple a thing as this, I do not hope for the successful car^dng out 
of comprehensive, cooperative investigations involving joint work 
by a group of scientists representing various aspects of a problem. 

The time has long since passed when centralized direction of our 
investigational work such as obtains in Canada was possible, exc^t 
at Federal field stations. The only hope of securing records which 
will make possible the comparison of results obtained over a wide 
range of territory for any given subject is through the medium of 
coopmition. The physical equipment is largely provided for such 
work, but the desire which impels action seems in the main to be 
lacking. Whether this is due to selfishness or to a lack of apprecia¬ 
tion of the value of r^onal work, I do not know, but dififculties 
are encountered in attempting to carry out regional work because 
state authorities fail or refuse to comprehend tlie importance of 
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carrying on work in several areas within the region under the same 
direction and according to the same outline for a series of years. 

Unless such work is encouraged on the part of the Federal Govern¬ 
ment, there is little prospect that it will be done at all. The Federal 
Department should confine its work to interstate and regional 
problems; that goes without argument. But in order that it may 
do its work on such a basis, the states must recognize the function 
of the Federal department and facilitate the work. 

I am glad to say that in general, there is no difficulty in carrying 
on such work; most .states welcome it, realizing that even though 
the work is planned and executed strictly as a regional problem, 
every state in which it is conducted is a beneficiary, for results of 
local interest always develop. 

I have a selfish interest in the investigational work in horticulture 
through the United States. I feel that the problems are so numerous 
and so important that with all the men and the mone}'' that can be 
marshalled to the attack, the result, if the utmost were done to 
avoid waste ‘ and duplication and to encourage cooperation and 
coordination of effort, would be entirely inadequate to the real needs 
of the industry which we are striving to serve. 

In the Federal Department, vre should have a clearing house for 
cooperative effort between the states. This must be voluntary—it 
cannot be compelled. Large cooperative projects cannot as a rule 
be inaugurated without a careful survey of the field, an allocation 
of responsibility, and joint financing which, so far as the Department 
is concerned, means going to Congress for funds. Many requests 
are made upon the Department for the inauguration of work on its 
own accoimt or in cooperation in which it is obliged to decline to 
take part because its funds are specifically appropriated for a partic¬ 
ular project which has been outlined and approv^ by the Congress. 

These broader aspects of research which involve the cooperation 
of groups of scientists in their prosecution as well as a diversity of 
localities for their fruition, can now only be successfully undertaken 
by the Federal authorities at Federal field stations or upon areas 
within the states where suitable facilities can be provided. The 
states can be of ^eat assistance to such work by encouraging those 
features of it which fall within their dominion and by lending en¬ 
couragement to the Federal appropriations for such undertalangs. 

Wfiile theoretically these comprehensive studies should be carried 
on as cooperative activities, I do not believe the states will ever 
provide the stable organization and finances to carry out such work* 
Why should we not therefore say among ourselves, here are lines of 
work of sudi a character as to make it imperative that the state 
authorities carry them on independently; here is another class of 
problems which lend themselves to cooperative and coordinated 
effort among the states, work w:hidi all do but not in comparable 
fashion; and here is another class'of problems which require group 
action over a wide-range of conditions. Let us urge the Congress 
of the United States to encourage and adequately finance such activi¬ 
ties in the Federal Department. 

This is my idea of «30operation and coordination of effort in the fidd 
of horticultural investigation. ‘'The job isbig, sodig, ye terriers, dig/’ 
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Relatiott of Our Sociely to the Development of 

Horticulture 

By J. W. Crow, Agricultural College, Guelph, Canada 

IT IS quite in order at any time for us to consider the relation of 
our society to the development of horticulture in our respective 
countries. It will be obivous from the character of our present 
program that horticultural science is making progress. The sub¬ 
jects chosen indicate a much closer approach to the fundamentals 
of the sciences with which horticulture is especially concerned. 
Any attempt to discuss the question involves the definition of horti¬ 
culture and perhaps the best thing we could do at this time would be 
to attempt such definition and to correct, if necessaiy^, any erroneous 
ideas we may be found to entertain. 

Horticulture is primarily the art of intensive plant culture, which 
fact may contain for us important implications if we will but follow 
them tkrough to a conclusion. The best definition of horticulture, 
it seems to me, is that adopted by the British Royal Horticultural 
Society, which reads as follows: “Horticulture is a definite craft 
of itself and is not a department of agriculture. As differentiated 
from agriculture, horticulture includes the more intensive cultivation, 
as usually practised in gardens, of fruits, vegetables, flowers and 
ornamental trees.” In the light of this definition hortiailture 
takes jts place by the side of agriculture as a subject coordinate 
with agriculture but as distinct as forestry. The key-note of the 
definition is in the words “more intensive” and to my mind this 
characterization constitutes adequate justification for postulating a 
separate indentity for hortiailture. 

I am quite aware that up to the present our administrative and 
academic organizations have considered horticulture as a branch 
of agriculture, but is it not the fact that in actual practice the cr^ 
we represent is carried on as a specialty, usually more or less dis¬ 
tinct from agriculture, as such? It seems to me the development of 
horticulture in the United States and Canada is hampered by the 
failure to realize the existence in horticultural practice of this dis¬ 
tinction, and by our almost total failure to recognize in our adminisr- 
trative and organizations this fundamental difference. 

In our countries at the present time there is taking place a vary 
marked development of horticulture, particularly in those lines whkh 
are less commercialized and which rest upon the enthus ia s m of the 
amateur. You will permit me, I am sure, to insist on the importance 
of these new developments and to say that horticultural science 
could no greater mistake than to underestimate the in^xartance 
of horticulture at large to the amateur and his special interests. 
The art of horticulture the world over,'in its highly organized com¬ 
mercial phases and in its equally important non-commeraalized 
aspects, rests ultimately upon tlte skill of the trained idant^maH. 
In aU crafts and industries the keystone of the structure is the Skilled 
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worker. Formerly, and up to very recent years, our trained garden¬ 
ers came principally from Europe, but it would appear that from this 
time on we shall not be able to draw to any extent upon men trained 
overseas but that we shall be required to undertake the practical 
training of our own men. It is probable that out of the present 
situation there will evolve a new type of horticultural institution 
and it is with the idea of bringing this thought prominently before 
your minds that I venture to speak in this way at this time. 

It is obvious that the best place for developing trained planstmen 
is where a wide variety of plants can be had for handling and study. 
Botanic gardens suggest themselves naturally in this connection. 
I do not know whether any of our existing botanic gardens arc in a 
position to develop the sort of training I have in mind and for which 
they are so admirably equipped. I do know that if such a course of 
training were available, based on the European apprentice system, 
supplemented by lectures and reading, I should be among the first 
to make application for admission. I believe that such a course 
could be provided and that by a proper balance of practical work, 
lectures and reading, it should be possible to get as much in 2 years 
as would require 4 or 5 3 ^ears by the European plan. With this 
practical training as a necleus there would come about by natural 
processes of growth a grouping of advanced teaching, experimental 
and research activities. The beginning of this new development 
is already discemable and in my opinion expansion along the lines 
suggested is necessary to the full development of our national hort- 
culture. 

If the viewpoint herein developed is of any value in helping us 
to decide what kind of teaching institution is needed, it should 
also be of value in focussing our attention upon the scientific aspects 
of horticulttme. Experimental and research projects in horticulture 
are subject to a very high rate of mortality, whicli is very often due 
to neglect of the simple elements of plant culture. We all recognize 
that plants must be handled in the proper way if we are to get a 
scientific result of value. On the other hand, it is also true that if 
our work is to have any value for plant growers we must aim at the 
fundamental problems of plant culture. The greatest service we 
could possibly render to horticulture would be to help the plant 
grower to comprehend the nature of. the living plant and its reaction 
to the external environment. It is probable that recent work done 
with citrus fruits and potatoes points to a line of scientific inquiry of 
the greatest importance. There is some evidence to indicate that 
ecological factors are involved, in the changes of structure and habit 
which occur with these plants and if this should turn out to be the 
case we shall have to conclude that we do not yet fuly understand 
the relation of the plant to its surroundings. When we have reached 
a better understanding of this subject it seems to me we shall also 
have simplified exceedingly the teaching of horticulture. I venture 
to think that plants exhibit in their structure definite modifications 
by means of which they are more or less perfectly adapted to equally 
definite environmental conditions. If such is the case, then it 
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would seem possible to teach plant culture on an entirely new basis of 
growith, form, structure and habit. 

I sincerely trust that the keenest scientific minds among us may 
be attracted to the study of some of these problems which appear so 
fundamental. It is to this end that I preach a horticultural class- 
consciousness which recognizes a special need and which would devise 
special machiner^^ in order to meet the requirements of the case. 


Coordination in Teaching Horticulture 

By W. L. Howard, University Farm, Davis, California 

COORDINATION in its final analysis is cooperation and co- 
^ operation is a mighty power for getting things done. I suppose 
every college or university that offers systematic instruction to 
resident students would claim that its courses are carefully coordi¬ 
nated. And perhaps they are in the sense that completion of one 
course fits the student for pursuing another. No doubt this sort of 
coordination is quite successful in such subjects as mathematics, 
physics, astronomy and other exact sciences. But what of agri¬ 
culture? The writer looks upon agriculture as an aggregation of 
sciences that are united into various combinations to support and 
interpret the technical subjects, and point the way to successful 
farming practices. It is assumed that the purpose of agriculture 
is the production of food, raiment and shelter. In this discussion 
it is understood that applied farming may range all the way from 
the work of the botanist and chemist to the actual tiller of the soil. 
Even the engineer, if he is willing to be born again, may become a 
sort of glorified farmer. 

After this rambling preface I may say that I believe practically all 
of the agricultural colleges of the country, especially where they are 
connected with universities, lay out their four year courses on the 
theory that certain subjects, both fundamental and technical, are 
necessary, and if properly mastered will produce a finished product 
that is sent out labelled as a potentially successful farmer. 

Some colleges are becoming very liberal in offering groups of 
subjects which permit the student a rather wide range of choice in 
selecting the prescribed total number of hours or units which entitle 
him to a bachelor’s degree. And this is a long step in the right 
direction. Howeyer, the important point is often overlooked as to 
whether the various so-called fundamental subjects really fit the 
student to pursue certain technical subjects with the greatest profit. 
It is readily granted that the pursuit of any really fundamental 
subject in science like chemistry, bacteriology or any of the various 
lines of botany, constitutes valuable training for the horticulturist^ 
but the writer contends that the mere mavStery of such a subject per se 
is not sufficient. To be really efficient, the college or depamnent 
offering certain subjects at least, should, first of all, have the agri^ 
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cultural viewpoint. This will not necessarily cause the subject 
matter presented to be any better, but the psychological effect upon 
the student is usually very marked. I have little S 5 ?inpathy with 
the tendency displayed in some quarters of trying to popularize 
science work. Pure science should remain pure and undefiled and 
no attempt should be made in a serious college course to sugar coat it, 
hut it will do no harm occasionally to point out to the student in 
physics, for example, why it is bad practice to work certain soils 
while they are wet, or in plant physiology that it is necessary to 
trim the branches on a newly planted tree. 

If the physicist or botanist does not know good examples for 
illustrating certain points in his work, then he should get closer to 
the horticulturist. On the other hand, the horticulturist should be 
on good terms with all the science teachers, chemists, geolo^sts, 
botanists, etc.,—know what they are teaching and how the subjects 
are being presented, and in the course of his own instruction take 
particular pains to back them up and tie their subjects to his by 
' calling the students’ attention at every opportunity to the principles 
they have been studying and how they can be applied at every step 
in their horticultural work. 

Preferably the teacher of horticulture should supply the botanist, 
chemist, etc., with a syllabus of his own courses and also secure out¬ 
lines of theirs. This arrangement would provide opportunity for 
the highest degree of the right kind of cooperation for the good of 
our students. It is diffiailt enough at best to get the student to 
understand the necessity for spending so much of his time on the 
fundamental sciences. This is one of the main difficulties in the 
teaching of agriculture. In engineering he can readily understand 
why all his mathematical subjects are essential because they are 
used at every step. Our task is to teach our subjects in such a 
manner that the students will find it difficult to proceed without a 
good understanding of the sciences underlying agriculture. It is 
all important then to put forth every effort to get the students to 
appreciate the value of those sciences at the time they are pursuing 
them and this can best be done by inducing the teachers of the 
subjects to make an effort to vitalize their subject matter. 

It is scarcely necessary to say that cooperation between the two 
arms of the college, the scientific and the technical, is possible only 
when the departments themselves are well acquainted and on the 
best of terms personally. After all it is not a questipn of syllabi 
and written agreements so much as it is a matter of sympathetic 
interest and mutual understanding. This interest of science in 
farming and of agriculture or horticulture in scjence, is at once 
reflected by the students. Students are quick to observe whether 
we really lean heavily upon our science departments and whether 
the science departments have a wholesome respect for us and our 
work. It is not enough to tell them in a sort of detached, academic 
way that it is absolutely essential for them to take more and more 
science and then proceed to give our horticultural courses in a way 
to indicate that we are all sufficient and could get along very nicely 
without the science departments. Think about this seriously, 
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you teachers. Have you been gtdlty of encouraging your students 
to take your technical electives when you well toew they ought to 
be taking advanced botany or chemistry? 

The form of cooperation between departments discussed above 
was successfully carried out at the University of Missouri for many 
years and doubtless is still being followed. The same plan is now 
being put into operation at the University of California. At the 
latter institution the same general idea is being carried much farther, 
especially in experiment station work. Briefly stated, our legisla¬ 
ture gave us a special appropriation of one hundred thousand dollars 
for carrying out experimental investigations mth deciduous fruits. 
Some of these investigations are being conducted by the division 
of pomology alone, some by allied divisions alone (such as entomol- 
ogy, pathology, etc.) while others are cooperative. In all cases 
the projects are first approved by the division of pomology. A 
beginning has been made by actually assigning entomological and 
pathological men to work under the direction of the pomologists. 
This might be called team work, or in this case, cooperation carried 
to its logical conclusion. We first decide on our problem and then 
assign the right man or men to work on it regardless of what division 
of the college he or they may happen to be associated with. If the 
college does not have the right man then we go out and find him 
and set him to work. In carrying out these plans we do not consider 
it illogical to conduct our investigations with pear blight and root¬ 
stocks, for example, from the standpoint of the horticulturist, the 
fruit grower, rather than from the view’^point of the bacteriologist or 
geneticist, although we do not hesitate to call upon those depart¬ 
ments for advice and assistance. Verily, cooperation is a power if it 
be whole-hearted and thorough. 

The same principles of cooperation and team work discussed 
above may be easily carried into the departments. This is especially 
true in station work. In most departments of horticulture there 
are usually too many unrelated projects under way. In fact it is a 
common mistake almost everywhere to have too many projects, 
anyway. How much better it would be to have only one or two 
major investigations under way and let the different staff men take 
part in the work as members of a team. Of course individual fitness 
and individual preferences of men must be taken into consideration, 
but the principle of successful team work is to make the men supple¬ 
ment each other as far as possible. One man may have had special 
advantages in chemistr}% another in physiology, and another in 
plant or soil bacteriology. It stands to reason that these men working 
together will go farther toward advancing a problem than any one 
going it alone. The fanners of the state are not interested in 
whether it is a pomologist or some other ologist working on their 
problems. What they want is results. 

Every problem has both laboratory and field aspects, or, its 
scientific and practical sides. The individualistic worker, the person 
who believes in “going it“ alone, holds the perfectly beautiful theory 
that he will work out the fundamental aspects in the laboratoiy and 
then try them out in practice, or, first try out the practice work and 
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then investigate the fundamental questions he is sure to uncover. 
But the trouble with this plan is that life is too short or the tenure 
of office of the average worker is too brief. By teaming up we get 
results and, aside from the personal satisfaction of attainment, it is 
results that brings us support in the way of appropriations. 

Itis inevitablethatimportantprojectsarealwaysbuiltaround indivi¬ 
duals. It is equalliy inevitable if that indundual drops out the project 
will languish and die. This results in more or 'less loss in money and 
a still greater loss in valuable time. In team work, on the other hand, 
it is very improbable that all the workers concerned will ever drop 
out at any one time and if a vacancy occurs the gap can be filled 
by a new appointment or a readjustment of duties between those 
that remain. It is much easier to replace a si gle wheel than to set 
up a new machine. Of course the main difficulty in the way of team 
work in a department is the personal egotism of the workers. Too 
many men feel that they cannot afford to become cogs in the wheel or 
individual wheels in the machine. They fear they may lose their 
identity if they are not in full charge of some line of work. Likewise, 
they are apt to reason that they cannot afford to share the credit of 
attainment with others when they might have it all for themselves. 
And it is this hope of wholesale gloiy* that causes men to want to 
have certain problems all to themselves when they are not big 
enough, or do not have the necessary time, to occupy the field they 
are trying to ocaipy. 

In conclusion I may add that right now is the most favorable 
time we have ever known for instituting team work in both teaching 
and research activities. Large numbers of our young men have 
recently returned from war service and many of them were instructors 
in military camps. They saw and imbibed much of the spirit of 
getting things done as quickly as possible. P'or example, a ji-oungster 
of my acquaintance, found that he could take a class of raw' recruits 
knowing nothing about gas motors and in two or three weeks of 
inten.sive training not only make truck drivers of them, but make 
them competent to take care of their owm repair work. I happened 
to be so situated as to see a good deal of the workings of a big school 
for aeroplane drivers. In common wdth the other observers I was 
much impressed with the marvelous results secured where science 
and practice went together hand in hand. The spirit of getting 
things done was infectious among the students and their interest 
in results kept them working at top .speed at their tasks. 

By a proper coordination of subjects and cooperation in subject- 
matter we can accomplish more than we ever have done before in 
our teaching and by a sane system of team work we can go farther 
and cover the distance quicker than we have ever dreamed of before 
in our station investigations. Then let us all pull together and 
introduce a new brand of efficiency in our colleges and stations. 
The net results, I fully believe, will be a better appreciation of our 
work on the part of the public and this in turn wall be reflected in the 
better support of our institutions. 
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The Development of Practical Horticulture and Its 
Relation to the Farm Bureau Movement 

By C. E. Di RST, Anna. Illinois 

^HE writer of this paper assumes that every scientific worker 
* in hortiailture is interested in the development of his branch 
of agriculture, both from a scientific and practical standpoint* 
Otherwise, there would be no need of a discussion on the subject. 
The present manuscript has reference particularly to the development 
of the practical side of horticulture and its relation to the farm bureau 
movement. 

The farm bureaus and the other organizations which have devel¬ 
oped from them are ^ving practical agriculture the greatest stimulus it 
has ever received in this country. We have been accumulating 
information for many years, but farmers have not seemed to take 
hold of this as fast as some of us have felt they should. We have 
investigated, we Jiave sent out bulletins by the ton, we have written 
articles for the farm papers, wc have gone out into the country 
and given lectures, and yet the greatmajorityof farmers have kept on in 
the same old way. It is no wonder that some men have considered 
the practical farmer as unworthy of their attention and have thrown 
themselves into the more scientific features of their work. 

The developments of the past few years have shown that it is 
our psychology that was at fault. We have been trying to teach at a 
distance when it was personal contact that was needed. The farm 
bureaus have supplied this contact, and have thereby made them¬ 
selves the connecting link between farmers in the field on one hand, 
and the department of agriculture and the state experiment stations 
on the other. 

The growth of the farm bureau movement has been phenomenal. 
The first farm bureau was started in 1911. The number increased 
steadily until our entry into the war, when, due to the need for 
increased food production, the farm bureau organization was 
encouraged in every way possible and the number increased rapidly. 
On June 30, 1919, there were 1,100 counties with county agents at 
work in the 33 northern and western states, and these had a total of 
about 450,000 members. 

The organization of farm bureaus in Illinois will be taken as an 
example of state development. The first two farm bureaus in 
Illinois began work on June 1, 1912. The number increased to 10 in 
1913, to 19 in 1914, to 23 in 1915, to 28 in 1917, to 60 in 1918, and 15 
more counties have organized since that time. The farm bureaus 
of Illinois had on December 1, 1919, a combined memb^ship of 
55,512 farmers, and the organizing force of the Illinois Agricultural 
Association is adding to this number by about 2,500 per week. 
From 90 to 98 per cent of the farmers in most counties are joining 
both the county farm bureau and the state association as fast as they 
are solicited. 
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The most important development of the past year has been the 
organisation of state associations. These associations were organized 
to give farmers a means of taking care of their interests in competition 
with organized labor and capital. It is their purpose to handle 
problems which indiAudual counties cannot handle. As an example 
of what these state organizations are accomplishing, please allow me 
to describe some of the achievements of the Illinois Agricultural 
Association since its birth last January. 

It has been instrumental in framing and getting passed a pure 
seed law; in getting farmers exempted from the conspiracy act; 
in getting a bill passed regulating commission merchants; in securing 
a revision of the dog law; in helping to repeal the daylight saving 
law; in getting the bill passed which appropriates $1,200 for each 
farm bureau per year; in getting a bill passed appropriating $125,000 
for enlarging the capacity of the limestone plant at Chester penitenti¬ 
ary, etc. It is said that the last legislature passed more constructive 
agricultural legislation than was ever passed before by any Illinois 
legislature. Along other lines the association has organized a wool 
pool in which 500,000 pounds of Illinois vrool were marketed col¬ 
lectively; it has maintained a trouble man at Union Stock Yards; 
it is investigating the rock phosphate situation, etc. 

A short time ago the secretary of the Illinois Agricultural Asso¬ 
ciation in company with representatives of four other state associa¬ 
tions in the Middle West, interviewed the President of the United 
States and laid before him the farmer’s case with reference to the 
high cost of living. This is the first time in history that organized 
agriculture has done such a thing. Organized capital and labor 
have often done so. We shall hear more of farmers doing it in the 
future. 

The state associations, as well as the county farm bureaus, have 
found their limitations, and to handle national problems the Ameri¬ 
can Farm Bureau Federation was organized on November 12, 13, and 
14. 1919, at Chicago. 

The idea of state and national organization is appealing to 
farmers very strongl 5 ^ Many farmers who were not interested at 
all in their county farm bureau have joined both it and the state 
association when the latter came into the field. Many county 
faim bureaus have doubled and trebled their memberships since 
the state associations were organized. The farmers, whom many 
people thought could never be pulled together, have suddenly taken 
a notion to organize, and the present indication is that they will 
make a thorough job of it before they are through. 

I mention these things to bring out as clearly as possible the 
fact that the farm bureaus, and the larger associations which have 
developed from them, are live, going concerns. The horticulturist 
who does not comprehend the true nature of this movement, who 
does not keep himself informed regarding it, and who does not line 
himself up with it, will not do much for the advancement of practical 
horticulture. 

The question is, ‘‘How shall we go about it,” I do not prestune 
to be able to exhaust the subject, by any means. Tlae suggestions 
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which I shall offer for your consideration are made as a result of my 
nine years’ experience in college, station, and extension work, and 
almost two years’ in county agent work in Union County, Illinois. 

Nature of Farm Bureau Work 

In order that we may appreciate the problem, I desire to say a 
very few words about the nature of farm bureau work. A farm 
bureau is primarily an educational concern, but there is much in the 
work that is of a business nature. As an educational organization, it 
promotes better farming in every manner possible. Prom a business 
standpoint it assists farmers in locating and buying seeds, fertilizers, 
and spray materials, in marketing their products to better advantage, 
and in making a closer study of farm management. I confess I did 
not comprehend the business features of farm bureau work before I 
entered this field, and it is because I feel that other horticulturists 
also ma}'' not appreciate this phase of the work that I mention it. 
In fact, after my two years’ experience, I am positively certain that 
the business side is fully as important as the educational side. Far¬ 
mers appreciate this phase of the work very much indeed, both 
because service is needed along these lines and because the benefits 
are direct and can be seen in terms of dollars and cents. And after 
all this is the manner in which farm bureau work must be made to 
appeal to farmers. They are intensely practical. Any argument 
which does not stand the acid test of dollars and cents is not likely to 
meet with much favor. 

Extension Men Shoui.d 'Work Through the Farm Bureau 

I desire partiailarly to emphasize that extension men work 
through and in cooperation with farm bureaus in counties where 
these organizations exist. If farmers have any confidence in their 
county agent at all, they look to him for agricultural leadership. 
Anything agricultural which is not presented to them through the 
farm bureau is not regarded as significant. They have hired the 
agent to look after their agricultural interests and they naturally 
suppose he is on the job. 

This point is better illustrated by a case which came to my 
attention not long ago. A station man desired to hold a meeting 
in a farm bureau county to show the results of experimental work. 
Because of absence, the county agent could not cooperate in advertis¬ 
ing and holding this meeting. The station man went ahead never¬ 
theless. He had five farmers at his meeting. The county agent 
regarded the experimental work as very important and on his return 
arranged with the station man to hold another meeting and adver¬ 
tised the same. The result was 65 persons in attendance and a 
good meeting. A county agent usually knows the methods of 
advertising that bring results with his members. He knows the 
best time to hold such meetings, and if he is the right kind of man 
the farmers have confidence in his leadership. 

In another sense it is much easier to work through farin bureaus. 
Under the old method we had to get acquainted when we arrived in a 
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county. We gave our lecture or held our demonstration, and after 
our departure we could simply hope we had made a good impression 
and that our recommendations would be followed. I dare say that 
many of you, like myself, have been disappointed to learn later 
that your efforts were soon forgotten. 

Now, when we go to a county and work through the farm bureau, 
the county agent will have the way prepared for us; he will see that 
we are properly introduced; he will try to acquaint us with local 
conditions; and he will remain on the job after we are gone to help 
farmers pick out valuable features of our work and i)ut them into 
practice. 

Knowing what I do of county agent work after two years’ experi¬ 
ence, I would not think, if I were to go back into extension work, of 
going to a county where a farm bureau existed and not worldng 
through the farm bureau. The farmers will pay ten times more 
attention to their county agent if they have any confidence in him at 
all than to an outsider, and it is only pedagogical suicide to try to 
work in a county without doing it through the farm bureau. 

The View Point 

Men who would do extension work must have the right view¬ 
point. They must neither under-shoot or over-shoot the mark. 
It is better to under-shoot than to over-shoot. If there is any doubt 
as to the view-point, the best thing to do is to spend a week or two 
wnth county agents in the office and field. In the main, it is elemen¬ 
tary information that is needed. The vast majority of farmers did 
not get very far in school. They are busy people, and such a vast 
bulk of information is offered them through bulletins, farm papers, 
etc., that many of them are unable to assort the good from the bad. 

I once heard a prominent authority state that the farmers had 
absorbed all of the elementary information and that it would tax 
colleges to the limit to gather information as fast as farmers w’^ould 
absorb it. I had left the farm only a few years before and I did not 
feel that farmers had advanced so rapidly in that time, but I had 
very great respect for the speaker and supposed that his information 
was perhaps better than mine. Now that I have been again in 
intimate touch with practical agriculture, I feel certain that one will 
never make a mistake by assuming an elementary attitude 

On the other hand, I do not wish to give the impression that there 
is no need of advanced information. We must remember that 
there are many farmers who have college degrees. No matter how 
much training a man may have had, he will find an opportunity to 
use it all in county agent work. 

Departmental Organization and Policy 

It is difficult for government men to work in close touch with 
farm bureaus. Their work will probably always consist largely of 
campaign work, like that of eradicating barberry, in stimulating 
pure bred stock, and the like. It will be the duty of college and 
station men to maintain the closest touch and do most of the personal 
work. 
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So far as colleges and stations are concerned, it will probably be 
best for each deparmtent to maintain one or more men especially 
for this purpose. Some colleges are’alread}^ operating under this 
plan and have what are called departmental advisers. It is the 
duty of the departmental adviser to co-ordinate the extension work 
of his department. He should have the various members keep 
him informed of any new developments in their specialties. He 
should get his department as a whole to adopt a definite policy in 
regard to recommendations. Either by personal work or by publicity 
he should attempt to get county agents to give uniform recom¬ 
mendations regarding the leading features of horticultural work. 
It reflects no credit on either the farm bureaus or on the stations 
and colleges when one county agent is recommending lime-sulphur 
and the agent of the next county Bordeaux mixture for the same 
purpose. It is not at all uncommon for advisers in different counties 
to be giving different recommendations. The departmental adviser 
can do a very great service by getting his department to ascertain 
the best practices and then handing this information on to the 
county agents. 

The work of the departmental advisers with the farm bureaus 
will consist of personal work and publicity. 


Personal Work 

The nature of the personal work will depend on the condition of 
horticulture in the various counties. In a county where horticulture 
is well developed, one may enter into scientific details, both with 
the county agent and with growers. Extension workers usually 
prefer to Work in such counties, and the> arc likely to under-estimate 
the importance of their work in other counties. In counties where 
general farming prevails, there may be little interest in horticulture, 
and yet the opportunity is often very great in such places. The 
work there will need to be almost entirely of an elementary nature. 
In such counties even the count}^ agent may not consider hortiailture 
worth much eflort, but tact and perseverance on the part of the 
department adviser will usually find a way of getting results. 

The nature of the personal work will consist chiefly of consulta- 
tions, lecture work and demonstrations. Regarding consultations, 
the county agent cannot be a specialist along all lines, an^ he fre- 
quentlv needs assistance on special problems. In many cases 
si^ecial problems can be settled by correspondence, but in some it is 
necessary for the departmental adviser to make a special visit. 
Consultations of this nature are not only helpful to the county agents 
and to the farmers, but they provide an excellent means for depart¬ 
ment men to keep in touch with conditions in the field. Many 
serious pests and other farm troubles have been discovered in this 
way. 

Regarding lectures, the departmental advisers will be limited 
in what they can do. Their lectures will necessarily be along lines in 
which the adviser is not well trained. These may be given at shcart 
courses, farmers institutes or special meetings. 
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Too much attention cannot be given to the lectures. They 
should be clear-cut and free from involved details, A man should 
speak in the language of the farmer. He should use as little technical 
language as possible. Lectures are always better received if illus¬ 
trated by lantern slides or other material. The old saying that 
90 percent of our knowledge is gained• through our eyes certainly 
has a lot of truth in it. The preparation of lectures for farmers 
should receive the most careful attention. 

Besides doing what lecture work they can themselves, extension 
workers can assist materially by preparing lantern slide lectures 
and loaning these to county agents. The capital of the average 
farm bureau is limited. Slides become practically obsolete as soon 
as they are used once throughout a county in a series of lectures. 
Consequently a farm bureau is likely to buy slides dealing only with 
subjects mOvSt important in its county. Since horticulture is not the 
leading phase of agriculture in most counties, slides along this line 
are likely to be neglected. 

If departments would prepare sets of slides along the most 
important lines, it would help to solve these obstacles and at the 
same time would result in greater public economy. If department 
funds are limited, a rental should be charged to help pay for the 
slides. I am sure the average farm bureau would prefer this method 
to that of purchasing the slides. 

The lantern slide lecture is not being used by county agents as 
much as it should be. It is a tremendously valuable method of 
education and would be employed to greater extent if the United 
States Department of Agriculture and colleges and stations generally 
vrould co-operate more fully in preparing and loaning slides. 

What is true of slides applies also to moving pictures. This 
feature is rather new' as yet so far as agricultural education is con¬ 
cerned, but when properly developed it is certain to fill a most im¬ 
portant place. It is not too early to be gi^dng serious thought to it. 

There is also need for other illustrative material, such as speci¬ 
mens of garden and orchard insects and diseases, plans for storage 
houses, charts and pictures for county fair exhibits, etc. 

The Use of Demonstrations 

P'arm bureaus offer extension men an opportunity to make use 
of demonstrations, ' These are not feasible to any great extent in 
counties where farm bureaus do not exist, but they are quite feasible 
and extremely effective in counties having such bureaus. In these 
counties the county agent knows what demonstrations are likely to 
prove most worth while. He knows where they should be con¬ 
ducted, and he remains on the ground to help farmers make the 
maximum practical use of them. 

The demonstration method is one of the most valuable features 
of extension work because it appeals to the eye. Some farmers can 
be convinced by argument and persuaded to try new* things, but 
most of them want to see the results before they will leave the beaten 
path. 

The value of demonstration is well illustrated by an experience 
I had. While connected with the Illinois Agricultural Experiment 
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Station, I wrote a circular on ‘'Soil Fertility from the Vegetable 
Growers' Standpoint," in which I recommended hairy vetch as a 
cover crop very strongly. When I began work in Union County in 
1918, I found that only two or three men had grown the crop and 
I do not know that any of them received the suggestion from me. 
I succeeded in getting three farmers to plant vetch in the fall of 
1918. The crop did well ,and as a result, over 8,(KX) pounds of 
vetch seed were planted the past Fall. There is no question in my 
mind but that the three practical demonstrations caused more 
hairy vetch to be planted than perhaps the tons of Circular 198 \\»hich 
were sent out. 

The kind of demon.strations will be divided between methods of 
procedure and field operations. Demonstrations of method will 
consist of things like the making of spray material and its application, 
laying off and planting an orchard, and methods of grading, packing, 
etc. Demonstrations of field practice will consist of such things as 
tests of fertilizers, methods of cropping, tillage and variety tests of 
vegetables. 

In planning demonstrations (for the start at least) it will be 
well to arrange for those that will show the greatest differences. 
As already stated, farmers want to see results, and they are not 
seriously impressed with things that are not plain to the eye. If one 
can show marked results at the start, he will gain the farmers’ con¬ 
fidence and they will then lend an ear to results that are not so plainly 
seen by the eye. 

Publicity 

The publicity methods of department advisors are quite as 
important as the personal work. Through the right kind of publi¬ 
city, much can be accomplished that is otherwise impossible. It 
behooves each man to ascertain the methods that are most effective 
under his circumstances, and then to get the proper balance between 
them. 

To publish effectively, one must know how to write. Some 
persons are naturally better qualified along this line than others, 
but no one should feel there is not room for improvement. It 
would be a fine thing if all extension workers could have taken courses 
in journalism and advertising. 

In any kind of publicity, one must remember that it is the written 
word only that is speaking for him. In personal work, the personality 
of the man, the modulation of the voice, the expression of the eyes, 
and so-called diplomacy, can be brought into play, but in publidty 
work these are largely lacking. One must put his personality into 
his writings. The extent to which we can do this will determine 
whether or not our letters and other forms of publicity will bring 
home the results desired. 

If extension workers get themselves properly connected, they 
will receive many letters, both from county agents and farmers. 
Answers should be made promptly. Very often hundreds of dollars 
in money are involved, and whether or not it will be accredited to 
pr<^t or loss side will depend on the promptness of the reply. Noth¬ 
ing is more discouraging in the field than to receive a wedc or two late a 
letter that should have been answered in two or three days. 
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Personal letters should be as brief as is consistent with complete¬ 
ness. They should contain the information desired. I once received 
a reply to an inquiry, directing me to consult Bailey’s Encyclopedia. 
If this did not contain the information desired, it was suggested 
that I write to the New York Botanical Garden. I happened to own 
a set of the encyclopedia but I might not have done so. It did not 
contain the information desired. Now I am positively certain 
that this man had the ability and the library facilities to give me 
exactly the information wanted, but he did not give it. 

The circular letter, properly used, is an effective source of adver¬ 
tising. One should use it only w^hen he has something important 
to say. County agents much appreciate short snappy articles on 
subjects pertinent to the season. They will often incorporate 
such statements bodily in their circulars or news bulletins to farmers. 
If the article is so long that it has to be remodelled or boiled down, 
this will reduce the extent to which the material is used. 

To ascertain the kind of article desired for county agent circulars, 
it 'would be well for each departmental advisor to ask county agents 
to place him on their mailing list. I know of no better means of 
learning the kind of publicity that is effective with farmers and county 
agents than to study these circular letters and news bulletins. 

State extension departments, as a rule, send out news bulletins 
regularly to county agents. The right kind of articles in these 
constitutes an effective method of reaching county agents and 
farmers. 

It seems to me that these publications are often used too largely 
to record mere field experiences of county agents. In my opinion 
they should be employed mainly to summarize scientific information 
that can be put to practical use. 

A great deal could be said about experiment station circulars 
and bulletins. I am convinced that many stations are right in not 
sending large bulletins to the general mailing list. Farmers simply 
will not read them. County agents have little time to read lengthy 
publications. Short bulletins that summarize the long ones are to 
be commended, and short snappy circulars describing principles are 
extremely valuable. The county agent will usually have time to 
read these, and they are particularly well adapted for enclosing in 
circular letters to farmers. 

I realize that in this paper 1 have covered the ground only in a 
general way. I have tried to show that the farm bureau movement 
has reached enormous proportions in the past few years; that it 
promises to continue to grow rapidly; and that it brings new responsi¬ 
bilities and new opportunities to extension workers. The extent to 
which extension specialists get their departments to comprehend this 
movement and line up themselves with it, will determine the practical 
development of their phase of agriculture. It will also determine 
all other development, for as fanners become more thoroughly 
organized, they are ^oing to take more and more of a hand in matters 
of business and legislation. Departments that do not maintain the 
proper connections with farmers in the field, are certain to suffer 
financially sooner or later. 
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The County Hortictdtural Agent 

By A. R. Jenks, Waltham, Massachusetts 

'T'HE county horticultural agent is brother to the county agricul- 
* tural agent. His job, his value, his relationships to other 
horticultural workers and results accomplished are similar to those 
of the county agricultural agent in his field. The county horti¬ 
cultural agent is having a wholesome influence on men engaged in 
horticultural research and teaching because of his closeness to the 
practical horticulturist. 

The county horticulturist is supplying the missing link between 
the horticultural research men with their wealth of available infor¬ 
mation and the practical horticulturist, who, as a rule, obtains only 
a small per cent of this material in a form that he understands and 
will put into practice. The horticultural workers in a state should 
have at least an annual conference for the purpose of interchange of 
ideas and so that they may all agree upon subject matter. 

The county agent movement has grown rapidly within a few 
years. Work accomplished to date justifies all hope placed in the 
movement. The work is becoming more efficiently managed. The 
farmers are now as a class strongly behind the movement. Those 
sections having a special horticultural interest deserve a specialized 
worker. 

In counties having a large interest in fruits, flowers, or vegetables, 
or where possibilities in one or more of these lines are especially 
pronounced, the horticulturist should be able to make his efforts 
worth while within a short time. 

In counties where only one worker may be employed because of 
lack of funds, the man employed often is one who has had special 
training, practical experience and interest in horticulture if conditions 
in the county are preeminently horticultural. This method does not 
often prove satisfactory because such a man must of necessity spend 
considerable time on projects other than horticulture. In a county 
where horticulture is a major interest the growers are quite apt to 
be very well posted and expect of their county agent some real 
leadership along very advanced lines. An agent is not often in a 
position to do this when it is necessary for him to handle general 
agricultural projects as well as specialized horticultural projects. 
There are few sections but where two or more nearly contiguous 
counties might not unite and cooperately employ a horticulturist. 
\^ere this idea is not feasible, it may be possible to employ some 
local, practical, successful horticulturist on part time. Fortunately, 
in most sections can be found a man who feels that the dollar is not 
the only object to be obtained in life and is willing and anxious to do 
some public work. 

The county horticulturist is primarily an extension man, but 
this article does not csall him that because quite often local problems 
necessitate his broadening his sphere of activities so that they enter 
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the field of research, teaching and propaganda. In many counties 
where the agent is co-operatively employed and Smith-Lever funds 
used in partial payment for his services, he naturally must confine his 
efforts to extension work. 

It seems that one of the big reasons why the county horticulturist 
idea is likely to be so successful, is the fact that the man covers less 
territory and is enabled to do proper follow up work. He knows his 
local people personally, their local conditions, their personal limita¬ 
tions and cannot therefore help but be more practical in his sugges¬ 
tions. 

Ntmiberless cases are recalled where suggestions have been made 
and received in good faith by the farmers. In many cases, the 
farmers have started to carry them out, but have encountered slight 
difficulties or hindrances. An incidental follow-up call by the 
county specialist shortly afterwards at the right time has oftentimes 
resulted in helping the situation and the projects have been carried 
through. 

The county horticulturist, even though a specialist, finds it 
difficult to get around the county and meet all of the men personally 
who would welcome a farm visit from him. This therefore makes it 
necessary to do much of his project work through local leaders and 
local committees. These local leaders meet in county conference at 
least once a year and in sectional conferences several times during 
the year. They are visited frequently by the couhty specialists, this 
giving an opportunity for the straightening out of any misunder¬ 
standings, the explaining of all details, and the prodding along of 
those who are somewhat backward in getting into action. 

The local horticultural leader is a member of a town bureau 
committee of which other members represent agriculture, boys and 
girls* club work, dental clinic, home economics and any other line or 
lines of bureau work being conducted in the community. The 
local horticultural leader associates about himself a committee which 
represents different lines of horticultural interests in the community, 
or different parts of the town, or both. During late fall these 
committees fneet for the purpose of reporting on results of projects 
undertaken during the year in the town, and for the purpose of 
framing a program of work or set of projects for the coming year. 
The local leaders in annual conference bringing in their local projects 
assist the county horticulturist in framing a set of county projects. 
Many of the local projects apply strictly to their respective com¬ 
munities and cannot be adapt^ into county projects. It is inter¬ 
esting to note the similarity of projects developed locally by the 
practical orchardists and gardeners. This year, nearly every com¬ 
munity in Middlesex County, Massachusetts, is asking for a project 
on bees although not a community requested such a project last year. 

There should be the best of co-operation and team work between 
the several county horticulturists in a state, the state extension 
horticulturist, the experiment station horticulturists and the federal 
horticulturist in chaige of demonstration work. 

Horticultural work in any state could be materially benefitted by 
having a conference of all those engaged in the work at least twice a 
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year. In this way the extension workers will agree on subject matter 
of their teachings, obtaining much of the newer ideas and recent 
information from the research workers. The research workers cannot 
help but obtain suggestions for future lines of work from the discussion 
brought out from the extension workers of both state and county. 

One of the big fields of usefulness of the state extension horti¬ 
culturist at present is to keep in touch with all advanced ideas over 
the country and to sift out those which probably will not apply 
locally. Intensive extension work may well be done in those counties 
not blessed with a county specialist. 

It. is believed that if a goodly number of horticultural research 
men could only spend a year as county hortlulturists, or spend a 
year working with county horticulturists, their lines of work at the 
experiment stations would be changed a great deal. County horti- 
c'ulturists working with the farmer in the field roughly two hundred 
days a year, come pretty near seeing the different problems from the 
farmer*s view point. They soon realize what a small per cent of the 
work being done at the experiment stations really tends to solve 
what the farmer considers present day problems, or what are likely 
to become problems within a few ^^ears. 

Another regrettable condition is the fact that results of really 
worth-while experiments, worth untold dollars to the farmers if 
they were to put them into practice, really reach a very small per¬ 
cent of the farmers. County horticulturists and state extension 
horticulturists, are partly to blame for this condition because one of 
their big jobs is to interpret results of experimental work and take 
these results and recommendations to the farmers. Should not 
experiment station workers, however, get out their circulars and 
bulletins in a manner so as to be more easily understood by the lay 
farmer,^ There is a strong tendency in this direction. The experi¬ 
mentalist probably feels that he has gone far enough in this direction, 
but the fact remains that the farmer whom his work is supposed to 
benefit, is really obtaining very little of the resulst of his fine work. 

Horticultural teachers who have been called upon to do much 
of the state extension work during the last few years, have come into 
close contact with the farmers and have modified their teachings, 
making them much more practical and valuable both to the farmers 
and the students in the college classroom. 

Some of the definite projects developed last winter by the farmers 
of the county and which have been under way during the season as 
Middlesex County projects follow: 

1. Relative to Fruits. 

a. Encourage planting of apple trees, especially Red Astra- 

chan. Wealthy, Gravenstein, McIntosh, and Baldwin in 
sections favorably adapted to their culture. 

b. Encourage general and better pruning. 

c. Place emphasis on thorough, oftener, and more intelligent 
spra3dng. 

d. Encourage increased use of nitrogen in mature as well as 
young orchards. 

e. Encourage breaking up of sod in orchards which are more 
or less starved and in need of general waking up. 
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f. Encourage thinning practice on heavy bearing varieties to 
get high quality fruit. 

g. Render service to individuals and communities interested 
in developing individual and co-operative apple storages. 

h. Promote an interest in the commercial manufacture of 
apple and other fruit by-products, such as apple juice, 
apple-butter, etc. 

i. Undertake the Littleton fruit survey. 

j. Conduct two automobile excursions to orchards which 
illustrate different types of orchard practice. 

2. Berries. 

a. Recommend no more planting of currants ana gooseberries 
until more is known about the possible control of white pine 

blister rust. 

b. Encourage planting of raspberries. 

c. A blackberry planting campaign is recommended. 

d. Indications point to the fact that profits on strawberries 
will increase their acreage, thus taking care of any likely 
shortage. 

3. Vegetables. 

a. Encourage those interested in ])roducing their vegetable 
seed requirements. 

b. Encourage the use of tarred disks for the control of 
cabbage root maggots. 

4. Marketing. 

a. Help in the general plan of creating favorable sentiment 
to co-operative farmers’ exchanges. These will ulti¬ 
mately buy raw materials, machinery and accessories and 
market their entire line of produce. 

b. Encourage co-operative grading, packing, hauling and 
selling of farm produce. 

c. Study and recommend methods of packing and packages 
which will help retail roadside stands and other marketing. 

d. Teach consumers the value of fruit and vegetables as a 
food and thus increase the consumption of same. 

e. Help individuals with their marketing problems before 
they are ready to market through co-operative exchanges. 


Some Indirect Methods in Extension Horticulture 

By H, A. Cardinell, University of Missouri, Columbia, Mo, 

'T'HE agricultural extension worker is frequently confronted by 
* certain phases of work which may be classified as indirect in-so- 
far as these calls tax the ingenuity of the director and the specialist 
in order to make them fall 'vvithin the bounds of the Smith-Lever 
Act.” Extension service, in the strictest sense, should be with the 
grower or farmer, but many times work with drug stores, seed houses, 
hardware stores, etc., in getting horticultural equipment on the 
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markets and encouraging its display at the proper seasons, will be of 
more direct aid to the fruit* industry and to the grower than a year of 
demonstrations that have not been preceded by similar educational 
features with local merchants; not with the idea of being an advance 
salesman, but to point out types of equipment suitable for local 
needs. 

The object of this paper then, for the most part, is to record 
some of these problems as they are found in the state of Missouri, 
well knowing that many of the topics set down in this paper have 
been worked out in other states; but that those present are interested 
in the manner in which Missouri is attempting to attack some of the 
extension problems in horticulture. 

Missouri has enjoyed in the past, a rather unique position as a 
deciduous fruit state and especially with this true as regards the 
apple. The 1910 census credits Missouri with over 14,000,000 
apple trees of bearing age. However, within the past 2 years this 
state has had a rude awakening to the fact that it was not as great 
a factor in the fruit industry as the figures of its bearing acreage led 
Missourians to believe. Only recently the State Board of Agriculture 
issued a preliminary statement that there are less than half the num¬ 
ber of bearing apple trees to be found in this state at the present 
time than there were in 1909. Missouri had an unusual condition 
.perhaps not equalled in any other state, in that her enormous bearing 
apple acreage was made up in the main ,of home orchards due in 
part, to the large foreign born element which planted home orchards 
varying in size from one to ten acres, and while this accounts for the 
large fruit acreage recorded, it likewise accounts for the low ranking 
Missouri has had in the matter of commercial production. This 
likewise accounts for the rapid reduction of acreage recorded recently 
as a result of the rapid dying-out of home orchards due to neglect and 
mismanagemen t. 

This, then, gives a clue to the peculiar condition confronting 
the extension service in the working out of its horticultural projects 
and accounts for the large number of indirect methods that must be 
employed in this state to.meet the needs of the fruit interests. 

Spraying as practiced in Missouri is still in its infancy. This is 
mainly true in the case of the farm orchard, and is, to only a lesser 
degree, true on the large fruit plantation. The main difficulty 
found here, is not that the commercial grower does not apply the 
prescribed number of applications, but that he lacks thoroughness 
as shown by the small amount of solution administered per tree of a 
given size, as well as in the manner of application. 

The poof distribution of spray materials on out markets has 
always embarassed the extension horticulturist. He has too often, 
during the past season, been compelled to carry, or ship in advance, 
sufficient material for putting on a demonstration in localities not 
having sprayed before, and where no ingredients save Paris green 
could be had upon thase markets. This was especially true in the 
watermelon section of this state during last season when the first 
spraying was begun in two counties that had never sprayed a vine, 
but from which counties nearly three thousand cars of watef-melons 



168 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


were shipped. Such a campaign greatly taxed the central office to 
interpret it so as to be within the realm of the Smith-Lever Act 
as it hardly falls within the clauses, working “directly with the grow¬ 
er’’ but is so indirectly vital that it must be conducted before a 
satisfactory working “directly with the grower’’ can be accomplished. 
As a result of the extension specialist not finding any or the proper 
material on the markets of many localities in which he is called to 
work, he has launched a campaign, in all counties having a county 
agent, whereby the specialist shall furnish each county agent, or any 
individual so requesting , a memorandum containing a list of firms 
handling or manufacturing spray materials and the retail prices 
of same. Before launching this campaign the writer secured the 
promise of a majority of manufacturers to furnish him with retail 
and wholesale prices of spray materials and to kee]) him informed of 
every change in price as such may fluctuate. The wholesale price 
list is to be furnished only by county agent or specialist to the dealers 
in each locality, on request, In order to avoid delay in spring 
work when dealers have not secured prices, the county agent will show 
them the wholesale list from which they may order by wire, if need 
be, and can at the same time determine their retail price to the buyer. 
What has been arranged with regard to spray materials has also been 
arranged with the companies manufacturing spray machinery and is 
embodied in the memorandum to county agents. 

Pruning is almost a lost art in Missouri and I venture the state¬ 
ment that over 90 per cent of the bearing trees in this state have not 
been pruned in the last 10 years. Almost the entire stress of 
extension horticulture has been on spraying since that was the one 
practice that was sorely needed and could give convincing results 
in one crop season. But now we have reached a point when spray¬ 
ing enthusiasm is running under its own momentum and we are 
launching a pruning campaign this season which necessitates furnish¬ 
ing the county agents the names and prices from companies manu¬ 
facturing or handling these commodities and will aid in educating 
the merchant on the best types to carry in stock and should thus be 
of direct help to the grower and greatly lighten work of the county 
agent. 

In the past the co-operation both in pruning and in spraying 
has been mainly of a demonstrational nature with the specialist 
doing all the work; but this season we have altered this policy and 
the specialist carries with him enough shears and saws to put on a 
practical demonstration, and after praning one or two trees, each 
man present who owns an orchard is given a tree to prune while 
the specialist remains on the ground assuming the role of an orchard 
manager training a pruning crew at the beginning of a season. Thus 
our growers are given in opportunity to make the cuts themselves 
and on returning to their orchards will have the confidence in their 
ability which no amount of demonstration or illustrated lectures 
alone could equal. Supplying demonstration tools is not an indirect 
method of approach, but recorded as a suggestion worth mentioning. 

The horticultural department and the extension service are work¬ 
ing in unison to endeavor to prevent the neglect and cutting out of 
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bearing orchards by acting as a clearing-house for orchard owners 
wishing to sell, lease or rent their orchards. We do not pretend, or 
wish to compete with, or act in the capacity of a reality firm, but 
deem it the business of a horticultural service to give assistance to the 
industry. We are no more trying to antagonize the real estate offices 
than any department keeping a record of its graduates for purposes of 
position recommendations, is thinking of antagonizing emplo)rment 
bureaus and teachers agencies. Also the Missouri State Horti¬ 
cultural Society and State Board of Agriculture are aiding greatly in 
this work by publishing in their regular news letters the names and 
addresses of such parties. 

There are often items of vital horticultural importance and of 
enormous direct benefit to the fruit grower, that could not be under¬ 
taken by the resident or extension staff as they would bring down 
upon the institution a flood of criticism by commission merchants, 
brokers and manufacturers; yet such work can be gracefully and 
diplomatically conducted by state organizations such as state horti¬ 
cultural societies and farmers and growers clubs. With this in mind 
the horticultural service aided the Missouri State Horticultural 
vSociety in compiling in the form of a news letter authentic records 
of fruit sales giving locality, variety, and price received, so that small 
growers not familiar with trade channels and market conditions 
could estimate the value of their own fruit by comparing the quality 
and sale price of the fruit sold by their neighbors. The success was 
remarkable in that it proved to the commercial grower that the 
State Horticultural Society could be of real service to him and as a 
result many large growers renewed or took out membership in the 
society and thus the society reached the ear of the commercial 
grower and became a sounder organization. Incidentally by the 
horticultural division supplying the material the state society be¬ 
comes more closely linked with the horticultural division and the 
benefits to each are mutual. 

Last year the extension department endeavored to place a woman 
horticulturist upon its staff, but it could not be realized and is hoped 
for in another year. The plan was to employ a home economics 
graduate who had specialized on fruit by-products, to work among 
the homes just as women specialists assist the home demonstration 
agents. A woman fruit specialist could greatly increase the con¬ 
sumption of fruits by teaching the proper time to preserve each fruit 
in its season so that the housewife would know when each fruit is 
most plentiful and what varieties are best suited for each purpose. 
Very few homes know the varietal adaptibility of each fruit for 
preserving purposes. This same specialist during off-seaSons of the 
year could devote her time to research work in the horticultural 
and home economics laboratories studying the local characteristics 
of each variety for stated purposes. It matters not whether she 
be in the home economics extension department or in the extension 
horticultural department, but her work would be of direct benefit 
to the grower. A woman fruit specialist could double or triple 
the amount of fruit comsumed in the home in a given section and idso 
be of great value to the housewife and consumer in getting more 
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value for a given amount of money spent on the right sort of fruit 
when selected judiciously. 

Thus far very little has been done along marketing lines by the 
extension service because production and better fruit were first 
needed before any fruit marketing organization would dare venture 
forth with a labelled product when no standard fruit was being pro¬ 
duced. 

Another item in indirect extension horticulture which we plan 
to launch at the time we venture upon a state-wide marketing 
campaign within the next two years, is the too often neglected fruit 
display; not so much in the matter of state or local fairs, but in the 
state-wide display of fruits in local store windows. Here is a splen¬ 
did opportunity for the woman specialist and extension horticulturist 
to combine on a very effective piece of extension work. The artistic 
taste and training of the woman specialist would neutralize the 
crudely practical ideas of the horticulturist. Extension salesman¬ 
ship and fruit displays would make a very timely course in any 
horticultural department and is an oft neglected line that even our 
more specialized fruit districts throughout the United States have 
not given sufficient attention, if any, due to the concentration on 
production, handling and marketing issues. Along this line exten¬ 
sion horticulturists could wisely follow the suggestions of the Cali¬ 
fornia Fruit Growers Exchange in conducting a display campaign. 
Some very timely hints are offered in its recent booklet “Salesman¬ 
ship in Fruit Displays.” A fruit sermon is to be found in the state¬ 
ment, “Goods must be displayed to be sold and must be sold to be 
displayed.” In order to have attractive displays of fresh fruit it is 
necessary to have a rapid turnover and to sell fruit it must be dis¬ 
played. The Exchange also advocates that stores be induced to 
offer local premiums for fruit baskets and window displays to encour¬ 
age local grown fruit displays, which means increased consumption. 
Another timely suggestion is the use of more basket window displays 
to suit the needs of each purchaser, such as traveler size, hospital 
size and home sick friend and gift size. Its ideas on “The Importance 
of Turnover” are as readily applicable to deciduous fruits as to citrus 
fruits when it states “you know that rapid turnover is the secret 
of success in business. But do you know that in the case of oranges 
and lemons (apples and pears could readily be inserted) it can be 
made to pay you more profit than almost anything else?” It also 
says, “when sizes run small special peck or bushel sales of small or 
mixed sizes will sell larger quantities.” “If prices are high offer in 
less than dozen units, and when prices are low sell two or three dozen 
to a customer at a time. ’ ’ This salesmanship education is a distinctly 
indirect subject yet it can not be overlooked and must become the 
work of the extension specialists in any large fruit section. 

Both community and group spraying plans are very applicable to 
this state as the enormous number of farm-orchards might indicate. 
We are encouraging this year more than ever before, the cleaning up 
of these orchards by the group and community plan rather than 
advocating a barrel pump for each farm. The slowness, low pressure, 
and tiresomeness developed by the barrel pump have never made an 
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enthusiast of any home orchardist. Therefore, we are taking 
advantage of the pychological factor produced by the past few 
seasons of good fruit prices, to encourage the employment of small 
power outfits by neighboring groups. Thtis far our success has 
been highly encouraging and the most popular outfit seems to be the 
$195 to $295 models of barrel pump with pump and engine mounted 
on skids as manufactured by Hayes and other companies. Such a 
campaign can have no other effect than to produce better local fruit 
and reduce the risk of the commercial orchard and the new plantation. 


The Need of Vegetable Investigations 

By J. W. Lloyd, University of Illinois, Champaign, Illinois 

l^ITH a view to securing information regarding the nature and 
” ~ extent of vegetable investigations that have been conducted 
within recent years, files of the Experiment Station Record have been 
examined, and all reports of actual experiments or investigations 
regarding vegetables, during a period of six years, have been noted. 
To avoid possible complications due to war conditions the six-year 
period from 1909 to 1914 inclusive was chosen. Foreign as well as 
American investigations were included. 

An examination of the data thus secured shows that a total of 206 
items regarding vegetable investigations were reported. In making 
this count, whenever two or more kinds of vegetables were involved 
in the same report, each kind was recorded as a separate item. 
Classifying the investigations roughly they may be grouped as those 
concerned with (1) breeding, (2) culture, (3) fertilizing, (4) disease 
control, (5) insect control, (6) variety studies, (7) chemical composi¬ 
tion, (8) marketing, and (9) storage. However, 170 items out of the 
total of 206, were concerned with breeding, culture, fertilizing, or 
disease control, leaving only 36 items distributed among the five 
other groups mentioned. Studies regarding marketing or storage 
were included in only seven items. 

Thirty-seven different kinds of vegetables are mentioned in the 
reports, but 13 of them are mentioned only once, thus leaving only 
24 kinds of vegetables concerning which there are two or more 
reports. However, some of these vegetables appear much more 
prominently than others. For example, 3 vegetables stand out 
conspicuously above all the others and account for 85 of the reports. 
These are tomatoes, cabbage and beans. If cucumbers and melons 
are added to this list, the 5 vegetables account for 105 of the reports 
or over one-half the total number. 

There are 52 reports on breeding experiments; 22 of them deal 
with tomatoes, beans or cabbage. Out of 47 repprts regarding 
disease control, 32 deal with tomatoes, beans, cabbage, cucumbers 
or melons. Nineteen reports of variety studies are made; fifteen 
of these deal with tomatoes, cabbage or beans. 
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These citations show that much of the investigational work with 
vegetables has been confined to a small group of plants. Many 
important vegetable crops have apparently received relatively 
little attention. Besides the 13 crops which are mentioned only 
once, there are at least 23 other vegetables of distinct importance 
which are not reported at all. That is to say, out of 60 vegetable 
crops which a fairly comprehensive list would certainly include, 36 
are either omitted entirely or mentioned only once, in the reports of 
investigations recorded during a period of six years. 

Very much less prominence is given to vegetable investigations 
than to fruit investigations. A fair estimate, based upon the reports 
appearing in the Experiment Station Record, would be that about 6 
times as much attention is being given to fruits as to vegetables. 
This difference cannot be accounted for by any corresponding 
difference in the value of the fruit and vegetable products of the 
United States; for as a matter of fact, the value of the vegetable crop 
of the United States far exceeds that of the fruit crop, including all 
orchard fruits and small fruits, citrus fruits and grapes, subtropical 
fruits and nuts. Nor is it reasonable to assume that the disparity 
in the amount of investigational work being devoted to fruits and to 
vegetables is due to any corresponding lack of need for investigations 
with vegetables. 

Among the lines of work with vegetables needing the attention of 
trained investigators at the present time, the following may be 
mentioned: 

1. The nomenclature of vegetable varieties is in woeful need of 
simplification. This will require the combined efforts and co-opera¬ 
tion of station workers, seedsmen and commercial growers. The 
Vegetable Growers Association of America has a committee working 
on this matter, but it needs the support of everyone interested in 
vegetables. It can suggest what ought to be done, but little actual 
progress in the accomplishment of results can be made by this 
committee alone. Systematic studies of vegetable varieties and 
strains should be given more attention by station workers. 1 do not 
refer to general variety testing as an incidental side line by an already 
overworked station assistant, but to intensive study of a given group 
of plants by an individual who understands the peculiarities and 
possibilities of that particular group. We need more studies like those 
reported by Tracey in Bulletins 69 and 109 of the Bureau of Plant 
Industry, dealing with varieties of lettuce and beans respectively. 
If the report is true that the Bureau of Plant Industry contemplates 
discontinuing studies of this sort, the American Society for Horti¬ 
cultural Science, as well as other organizations interested in the vege¬ 
table industry should pass resolutions setting forth the importance 
of such studies and urging their continuance. 

2. The structure and composition of vegetables need careful 
study. Such studies should include a determination of differences 
in the structure of tissues of different varieties of the same vegetable 
when grown under similar conditions, and differences in the structure 
of tissues in the same variety when grown under different conditions. 
Particular attention should be given to differences in structure 
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Mtiencing the texture and quality of the product. Causes of 
difference in flavor should also be determined. The response of 
vegetables to their environment as reflected in their quaUty should 
be given careful attention, so that the influence of richness of soil, 
intensity of light, degree of temperature, amount of moisture, and 
severity of crowding, upon the quality of a given vegetable may be 
known with a fair degree of accuracy, to the end that vegetables 
may be grown under conditions most favorable to the development 
of a product of high quality. Furthermore, the chemical composition 
of vegetables needs detailed study. Reports of analyses av^able 
at present usually fail to state the variety, degree of maturity, or the 
condition under which the product was grown. There should be 
definite information made available regarding the influence of 
environment and other factors on the composition as well as struc¬ 
ture of the different kinds of vegetables. Not only should analyses 
be made of the edible portion of a vegetable as a whole, but separate 
analyses should be made of the various parts, to be used as a basis for 
selection and breeding to increase the relative size of a given desirable 
part or decrease the relative size of a less desirable part. ‘ The work 
of the Illinois Station in the breeding of field com indicates the im¬ 
portance of chemical analysis of the various parts of a food product 
as a basis of selection for improvement in a given direction. It is 
probable that separate analyses of the core and cortex of carrots,par¬ 
snips, and vegetables of similar structure might be made to serve 
as a basis of selection for improvement of these vegetables in nutri¬ 
tive value. We need to know more about the food value of the 
various vegetables, the influence of conditions of growth upon their 
food value, and the bases of selection for improvement in both their 
palatability and nutritive value, 

3. Breeding for the production of varieties adapted to particular 
purposes or conditions should occupy more attention. Definite 
breeding work has for the most part been confined to relatively few 
different kinds of vegetables. In many cases, the development of 
improved strains of existing varieties will be much more important 
than the production of new varieties. However, there is always 
room for varieties that are better than existing sorts in some import¬ 
ant feature, such as productiveness, earliness, size, quality, etc., and 
such varieties might better be produced as a result of systematic 
breeding, rather than be accidentally found. 

4. Studies in disease resistance and disease control should be 
extended to a wider range of vegetable crops. Much work has 
done on a few of the more important crops, and a few disease resistant 
strains have been developed, particularly in cabbage, muskmelons, 
and tomatoes. Work of a similar nature should be attempted with all 
vegetable species that are subject to destructive disease attacks which 
do not yield readily to fungicidal treatment or other mean$ of 
control. Studies ^ould also be made in methods of combating 

of the minor crops by spraying and other methods of treat¬ 
ment. Of course, it is understood that life histc^y Judies of the 
organism causing the disease will go hand in hand with the study 
of control measures. 
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6. Fertilizer experiments with vegetables have been quite 
numerous and have covered a fairly wide range of crops. However, 
such experiments have been confined largely to the East and the 
South. A new condition confronts us in the Middle West. Vege¬ 
table growers in this region have in the past depended mainly upon 
stable manure to keep up both the plant food supply and humus 
supply in their soils. The general introduction of motor driven 
vehicles in the cities and towns has so seriously affected the supply 
of horse manure available to gardeners, that a change in fertilizing 
methods seems unavoidable. Unfortunately, few tests have been 
made to determine the feasibility of maintaining the fertility of 
garden soils in this region without the use of animalmanures. A start 
was made in this direction by the Illinois vStation in 1917, the test, 
however, being limited to three important truck crops. So great 
seems to be the need of a comprehensive fertilizer experiment to test 
the possibility of substituting cover crops for manure as a source 
of humus, and commercial fertilizers for manure as a source of 
the mineral elements for the production of vegetables in the corn 
belt, that the Illinois Station is planning a long-time experiment 
with a number of vegetable crops with a view to securing definite 
data on this important subject. 

6. Problems connected with the handling and storing of vege¬ 
tables need attention. Antiquated methods of storage still prevail 
in many producing regions. The work of the United States Depart¬ 
ment of Agriculture and the experiment stations of some of the 
southern states in introducing improved types of sweet potato 
houses, and the proper curing of sweet potatoes, bids fair to revolu¬ 
tionize the sweet potato industry of the southern states. Experi¬ 
mental* work in the storage of certain other vegetables has also been 
undertaken. Such storage investigations should be continued anji 
also extended to include other vegetable products, with a view to 
eliminating as much as possible of the shrinkage and waste which 
obtain under present storage methods in many places. 

7. Closely allied to the matter of storage is the entire problem 
of keeping perishable vegetables in a fresh and sound condition from 
the time they leave the producer’s hands until they reach the con¬ 
sumer’s kitchen. Transportation and refrigeration facilities need 
to be improved. The investigation of the United States Department 
of Agriculture in regard to refrigeration in transit will likely lead to 
improvements in refrigerator car construction, and methods of load¬ 
ing and icing. While most of this work has been done wnth fruits, 
the principles involved will doubtless apply to many vegetables also. 
However, vegetables that reach the wholesale market in sound 
condition sometimes deteriorate badly in the hands of dealers, 
especially retail dealers. Thorough investigations should be made 
to determine the best and most feasible methods of keying the 
various kinds of vegetables fresh and sound while in the hands of 
retail dealers. The enormous spread between wholesale and retail 
prices of perishable vegetables is attributed partly to the loss due to 
deterioration and spoilage while the producte are in the retail store. 
Sudti loss could be largely eliminated by proper methods of protec- 
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tion from exposure to unfavorable conditions. The most feasible 
means of protection of these vegetable products could readily be 
worked out by properly conducted tests and investigations. The 
introduction of the improved methods could be made to follow after 
their value has been fully demonstrated. Much loss of perishable 
products in the hands of retailers could thus be eliminated. 

Summary 

1 have touched briefly upon the need of investigations (1) regard¬ 
ing the present situation in reference to vegetable nomenclature and 
the study of varieties; (2) regarding the structure and chemical 
composition of vegetables and their parts; (3) regarding the breed¬ 
ing of vegetables for the production of varieties with special adapta¬ 
tions, and the development of improved strains of existing varieties; 
(4) regarding disease control; (5) regarding the plant food require¬ 
ments of different vegetables, and especially the working out of a 
method of maintaining if possible the plant food and humus supply 
in a vegetable soil without the use of animal manures; (6) regarding 
the storage of vegetables, and (7) the preservation of perishable 
vegetables in transit and in retail establishments. The investiga¬ 
tional work that has been done with vegetables up to the present 
time has been confined largely to a rather limited number of crops. 
This work should be extended both as to range of subjects involved 
and number of crops included. 


The Uselessness of Hill Selection Under Conditions 
Where Rapid Degeneration or ‘^Running Out” is 

Prevalent* 

.By R. Wellington, Maryland State College y College Parky Maryland 

I N 1913, when the writer took charge of the Section of Fruit and 
Vegetable Investigation at the Minnesota Agricultural Experi¬ 
ment Station, he found that potato varieties had been degenerating 
or “running out” very rapidly for many years at the University 
Farm. The trouble was not wide-spread for growers located only a 
few miles away were free from such an affliction. Since strong, 
medium, and weak hills were often produced at the University Farm 
bv the same variety and since one strain of Early Ohio had held up 
for 8 or 10 years, it was thought strains might be selected which 
would be resistant to degeneration. 

A. R. Kohler, my predecessor, however, had concluded that hill 
selection was of no value, but since he had made no attempt to study 

*Thc data used in this paper were furnished by the Minnesota Agricultural 
Experiment Station through the courtesy of Prof. W. H. Alderman, Chief of the 
Division of Horticulture. 
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the performance of individual hills, a more intensive selection was 
considered worthy of trial. 

In order to hasten the work, hill selections were made in 1913 in 
Early Ohio and Sir Walter Raleigh varieties, rather than commencing 
in 1914 with tuber-unit selections. The tuber-unit method might 
have been more scientific but it would have required an additional 
year to obtain results. About 100 hills of each variety covering 
variations in yield and shape, etc. were selected. During the winter, 
each lot was carefully gone over, the hills being weighed and the 
tubers described as to size, shape, depth of eyes, second growths, 
diseases and other abnormalities. These various characters were 
particularly noted since certain investigators had correlated them 
with degeneracy. At planting time ^ch lot was planted as a unit, 
the rows being laid out 3 feet apart and the seed pieces dropped 18 
inches apart in the rows. Checks were planted at intervals and on all 
sides of the field every precaution was taken to make the conditions 
uniform. Each seed piece planted weighed 1 ounce, the very small 
tubers being discarded and the larger ones cut to ounce pieces. 
If a tuber could not be divided into ounce pieces, a portion of the 
tuber was discarded. Seed pieces showing internal brown ring 
discolorations were planted and I might add that very few of such 
seed pieces produced plants .showing evidence of the wilt disease. 

In cutting the large tubers, the first seed piece was taken diago¬ 
nally off the stem end and the other pieces were removed consecutively 
until the seed end weighing 2 ounces was reached. This seed-end 
piece was bisected, thus dividing the numerous buds. Where tubers 
weighed only 2 ounces they were simply split longitudinally. Since 
the pieces were planted in the same order as cut, the position of each 
hill indicated approximately from what part of the tuber the hill was 
derived and the number of seed pieces gave the approximate weight 
of each tuber. 

During the growing season notes were made on the time of 
sprouting, vigor and size of plants. Wide variation was found to 
occur in 1914 in the size and vigor of the plants. In certain cases 
the progeny derived from one hill would be all strong and vigorous 
while in others a few plants might be strong and the others weak or 
medium vigorous. In tracing the weak oi; strong plants back to 
particular tubers, it was usually found that the progeny from one 
tuber was uniform, yet a strong vigorous plant and several weak ones 
might come from a certain tuber, or only one weak plant might appear 
among several strong ones. The data obtained from the thousands 
of hills are too extensive to publish, but the results obtained from a 
few typical hills of the Early Ohio and their progeny are given in 
Table I. 

If, for instance, we follow out the results obtained from hill No. 75 
of the Early Ohio, we will note that in 1913 it produced eleven 
tubers weighing 2.6 pounds. All of these tubers were planted in 1914. 
The first 3 tubers weighed approximately 1 ounce each and they 
produced plants No. 2534, 2535 and 2536 which yielded respectively 
2,25, 1.9 and 0.85 pounds. The fourth and fifth tubers weighed 
3 ounces each and their progeny in the case of the former varied in 



Table I —Performance of Selected Early Ohio RtUs 
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productiveness from 0.6 to 2.0 pounds, and of the latter from 0.4 to 
0.7 pounds. The sixth ,seventh, and eighth tubers weighed 4 ounces 
each and with the exception of the last, the progeny of each was 
uniform. Number 10 produced 3 good hills and 1 weak one while 
11 produced 3 weak Hills and 1 strong one. Thus it is seen the parts 
of one tuber sometimes varied in their yielding potentiality. The 
results obtained this season were indeed satisfying. Certain units 
were vigorous and productive and the chances for securing good 
strains seemed to be excellent. 

In 1915 the potato work was handled in a similar manner as in 
1914, the hills being weighed, the tubers described, and representa¬ 
tive hills selected for trial. To our surprise all the good, bad, and 
indifferent units produced few or not any tubers. In fact all lots 
had so degenerated that further selection work was considered 
impracticable. In Table I the results secured from a few of No. 75’s 
and all of No. 46’s and No. 47's progeny are given. With the excep¬ 
tion of 1 tuber derived from hill 2554 which produced 2 plants with a 
yield of .55 to .75 pounds, all of the other tubers in this and other 
hills produced from not any tubers to a negligible quantity. 

As oftentimes the low yielding hills selected in 1913 yielded as 
well as the higher yielding hills, my field assistant A. W. Aamodt, 
who had been assisting in the selection work, selected in 1915 the low 
and high yielding hills from 24 varieties during the time of harvest. 
Twenty-three of these varieties were new stock in 1914 at the Uni¬ 
versity farm and consequently had not been ^own long enough to 
give low yields. In 1916, 17 out of 23 varieties gave an increased 
yield in favor of the low-yielding hills. The very low yields in 1916 
were partially due to the hot dry weather, but the climatic conditions 
should not have greatly affected the comparative results. 

Thus the selection work conducted at the University Farm, St. 
Paul, proved to be a total failure. High and low yielding hills and 
tubers possessing so called desirable and undesirable characteristics 
followed the same trail. In fact, the low yielding hills oftentimes 
gave the best results. 

It is obvious that selection under the conditions described is 
beyond the realm of genetics for such marked variations within 
varieties would not occur so rapidly under normal conditions. Some 
of you may state that the great variability was due entirely to the 
mosaic, leaf-roll, and other similar diseases. Undoubtedly, diseases 
have been a factor, but at the time of the experiment the trouble 
was diagnosed by leading pathologists as largely physiological, very 
little leaf-roll being noted. This selection work brings up many 
questions in degeneracy that lie beyond the province of this paper. 
It might be added, however, that other lots of potatoes during these 
years were apparently rejuvenated by a year's vacation in the north¬ 
ern part of the state. Were the organisms that caused this general 
debilitation lost by the change, or were they not transferred to the 
new tubers? One fact that is certain is that the yield of potatoes 
may be largely determined by the condition of the seed piece which 
goes into the ground and unfortunately, an inferior tuber can not be 
detected by inspection and oftentimes not even by the inspection 
of the mother plant. 
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Table II 


Yidd of Potatoes Produced by Low-Yielding Hills and High-Yielding HiUs 


Variety 

1914 

Bushels 

per 

Acre 

1915 

Bushels 

per 

Acre 

j 1916 

I Low 

1 yielding 
hills 
selected 
in 1915 
Bushels 
per Acre 

1916 
High 
yielding 
hills 
selected 
in 1915 
Bushels 
per Acre 

Increases 
of low- 
3 rielding 
oyer 

yieliii:« 

Bushels 

Early Petoskey . 

247.69 

204.42 

{ 11.36 

8.98 

2.38 

Early Eureka. 

192.72 

195.25 

12.60 

4.21 

8.39 

Early Bird . 

215.28 

101.75 

15.64 

14.48 

.16 

Early White Rose. 

233.58 

136.13 

’ 17.98 

13.20 

4.78 

Early Vermont. 

241.51 

225.96 

! 8.25 

11.36 

-^.11 

Ohio Junior . 

207.17 

203.40 

i 39.96 

28.23 

11.73 

Bovee . 

234.19 

202.58 

11.46 

15.95 

-4.49 

White Star. 

136.58 

100.38 

( .69 

.36 

.33 

Burbank Russett. 

206.71 

66.92 

4.63 

9.43 

-3.90 

California Russett. 

187.46 

123.75 

! 8.58 

6.23 

2.35 

Uncle Sam . 

286.46 

226.42 1 1.76 

13.20 

-11.44 

World Wonder. 

168.67 

1 88.00 

17.80 

20.90 

-3.10 

Green Mountain . 

165.46 

78.38 

9.71 

5.13 

4.58 

Vermont Gold Coin. 

203.37 

48.58 

26.30 

21.81 

4.49 

Norcross. 

201.21 

84.33 

14.48 

.36 

14.12 

Happy Medium. 

217.51 

165.00 

29.94 

12.46 

17.48 

Satisfaction. 

178.73 

245.21 

7.70 

2.93 

4.77 

British Queen. 

208.54 

401.50 

7.33 

4.95 

2.38 

Up-to-Date. 

201.51 

213.58 

.7:^ 

2.56 

-1.83 

Carman No. 3. 

192.96 

124.21 

28.80 

11.91 

17.89 

Peerless Jr . 

211.75 

225.75 

28.05 

23.43 

4.62 

Sir Walter Raleigh. 

172.33 

121.00 

37.76 

18.88 

18.88 

Minnesota No. 2. 


268.13 

154.55 

83.96 

70.69 

President Roosevelt. 

274.08 

109.54 

♦10.63 

11.36 



♦Grade No. 2 not included. 


T hinning as a Possible Substitute for Seed Pieces 
of Uniform Size in Potato Tests 

By O. B. Whipple, Montana Experiment Station, Bozeman, Montana 


t^OR some years this station has been conducting thinning experi- 
ments vnth potatoes for the purpose of determining the com¬ 
mercial value of such a practice. A prel minary report upon this 
work has been published in bulletin form, and more recent investi¬ 
gations have tallied very closely with this earliar data. When 
summarized from a commercial viewpoint, we may say that thinning 
hills to a single stem improves the quality of the tubers both in size 
and uniformity in size. Under non-irrigated culture thinning usually 
infT Pqi aftg the yield of marketable tubers. Under irrigated conditons 
tbinm'ng usually teduccs the yield of marketable tubers unless the 
hills axe planted doser than 12 inches apart in the row. But even 
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under irrigated conditions close planting with thinning produces 
a much mofe desirable crop than wider spacing without thinning. 

More recently in our extensive hill and tuber line tests,—^work 
in which we have used small plots,—^we have practised thinning as a 
means of eliminating errors which might result from variation 
in number of stems produced in hills, and consequently a variation 
in the number of plants in plots. In these plots uniform-sized seed 
pieces have been planted. Recent investigations of Stuart^ and 
earlier work of Aicheri and Welch®, as well as our own tests, have 
shown that the number of stems produced in potato hills is correlated 
more or less closely with the size of seed piece. These results suggest 
that variations in yields resulting from planting large and small seed 
pieces may be purely a matter of stand. Up to a certain point large 
seed pieces may increase the yield simply because hills with three 
stems, we will say, produce a greater number and weight of market¬ 
able tubers than hills with two stems. If this is true, the fertility 
of the soil, the mosisture supply, and the distance between hills, 
will all be factors in determining the maximum size of seed piece 
which will be profitable lo plant. Naturally, with low soil fertility, 
low moisture supply and close planting, we could not expect the 
same gains to follow planting large seed pieces as if the soil were 
fertile, the moisture supply adequate and the hills farther apart. 
This puts rather a new interpretation upon the advantages of planting 
large seed pieces, one of stand rather than one of great vigor of 
plants resulting from the use of seed pieces containing a larger supply 
of food material. 

We have always appreciated that size of seed piece was a factor 
which must be considered in potato work. On the other hand, 
cutting seed peices of uniform size is a difficult and tedious 
task. We have previously reported having devised a special knife 
for this purpose, but while it cuts pieces of uniform size, some 
may object to using seed pieces weighing only one-third of an ounce. 
In our own work we have found this seed piece very easily handled 
and none too small for excellent results. Tests which have a bearing 
upon this question were outlined at this station in the spring of 1919. 
The work was undertaken primarily to determine the value of thin¬ 
ning as a substitute for uniformity in size of seed piece. The seed 
used in these tests was from hill line selections of Russet Burbank, all 
grown under uniform field conditions in 1918. The plots were located 
on newly-broken clover sod and received ample irrigation. The 
small seed pieces were cut with our special cutter and for the most 
part contained one eye only.- The large seed pieces were cut with a 
knife and contained one or more eyes. These were cut as nearly 
uniform in size as possible by eye and the weight was computed by 
dividing the weight of the lot of cut seed by the number of seed 
pieces in the lot. The seed pieces were dropped 12 inches apart in 
the row with an Iron Age planter and were covered to a uniform 

‘Wm. Stuart, Proceedings of the American Society for Horticultural Science, 
1017, p^e 39. 

*L. C. Aicher, Journal of the American Society of Agronomy, Vol. 9, p. 217. 

*John S, Weldi, Journal of the American Society of Agronomy, Vol. 9, p. 224. 
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depth of three inch^. The plots were single rows containkig approxi* 
mately one-thirtieth of an acre, those plated with large and smafl 
seed pieces alternating in the field. As soon as the plants were 
large enough to pull, all plots were thinned to single-stenmied hills. 

Pour plots planted with seed pieces averaging 1.04 ounces in 
weight gave an average yield of 20,575 pounds of marketable tubers 
per acre. Four companion plots plant^ with seed pieces weighing 
one-third of an ounce 3rield^ 19,447 pounds per acre. This gives 
a difference of 1,128 pounds per acre in favor of the larger seed pieces. 
Five plots planted with seed pieces weighing 1.3 ounces gave an 
average yield of 17,867 pounds and the five companion plots planted 
with one-third ounce pieces 16,097 pounds of marketable tubers per 
acre. This gives a difference of 1,780 pounds per acre in favor of 
the larger seed pieces. These variations in yield are not very marked 
considering that in one case the large seed pieces were approximately 
three times as heavy, and in the other four times as heavy as the 
smaller pieces. Field counts before thinning showed that plots 
planted with 1.3 ounce seed pieces averaged 2.27, plots planted with 
1.04 ounce pieces 2.22, and those planted with one-third ounce pieces 
1.47 stems per hill. 

These results show that variations in yield following the planting 
of large and small seed pieces must be largely a matter of stand, or, 
in other words, the number of plants produced per seed piece planted. 
On the other hand, the data do not show that thinning will entirely 
eliminate errors due to variation in size of seed piece, especially 
where the variation is so wide. We do believe, however, that within 
norrower limits, thinning will serve very well as a check upon varia¬ 
tion in size of seed piece and may prove a valuable help in experi¬ 
mental tests with potatoes. This material is presented more for 
the purpose of calling attention to the possibilities of further work 
along this line rather than with the idea of drawing conclusions from 
the limited data we havo accumulated. It is quite evident that we 
do need to improve our methods in experimental work with potatoes 
and in our own work this factor of variation in size of seed piece 
has been a difficult one to eliminate. 


Correlation Between Depth of Eyes and Degeneration 

Among Potatoes 

By O. B. Whipple, Montana Experiment Station, Bozeman, Montana. 

I N OUR studies of methods of potato seed improvement, esttraisive 
observations have been made upon types of potato plants fre¬ 
quently spoken of as degenerate. Possibly we are taking some 
liberties, if, in the light of present-day information, we oomsider 
spindle-sprout, mosaic, curly-dwarf and leaf-roll types of d^tenera* 
tmn. But for t^ purpose of this discussion such a dassification 
may, we think, be tolerated, even though considetttd by some as 
somewhat out of date. So far as the present “paper is concerned 
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we shall refer only to mosaic and curly-dwarf types. Under local 
climatic conditions we have not always been able to distinguish 
between mosaic and curly-dwarf plants as they grow in the field. 
Many of our observations lead us to believe that there may be no 
real difference. Possibly we have not observed both in the field, 
but our supposed mosaic types have performed very much like others 
which we have considered typical curly-dwarfs. These types, as we 
have studied them, arc both found to pass through intermediate 
stages. Both apparently exhibit the same crinkling of the leaves. 
Under local conditions these weak plants show yello-wTng in certain 
varieties, and in others they do not. In any case the result is the 
same, a loss in vigor and a corresponding loss in yielding power. 

In our potato work we have had opportunity to study many of 
the standard varieties, several of which are notorious for degenerate 
tendencies. Thousands of tuber unit groups have been grown and 
have afforded opportunities for study of groups of hills in varying 
stages of degeneration. The varieties that have furnished most 
degenerate material for study are Early Triumph, Irish Cobbler, 
Green Mountain, Perfect Peachblow, Pearl, Rural New Yorker and 
Howard Elliot. The last-named is evidently the old variety White 
Elephant grown under a new local name. It was with this last 
variety that we first became suspicious of a correlation between 
depth of eyes and degeneration. As first grown the variety was a 
very vigorous type of high yielding power, but the eyes were too deep 
for a good commercial potato. On account of high yields it was 
decided to continue the variety and make an effort to improve its 
commercial value by selecting to a shallower-eyed type. Under 
such a system of selection the variety rapidly fell off in yielding 
power and the per cent of degenerate plants increased. In 1918, 
after three years of such selection, careful field counts showed 90 
per cent of the plants with degenerate tendencies. This experience 
leads us to suspect that much of our difficulty in maintaining high- 
5 delding strains of Early Triumph, Irish Cobbler, Green Mountain 
and P^ect Peachblow, resulted from over-zealousness on our part 
in selecting seed tubers for shallow eyes. During the season of 1919, 
seed plots of these varieties planted on the tuber-unit plan were 
carefully gone over and the different groups of hills marked as 
normal—vigorous intermediate and degenerate types. In some 
cases the differentiation was carried even farther and types between 
the normal-vigorous and degenerates were classified as intermediate 
and advanced intermediate types, and those with degenerate tenden¬ 
cies. The groups were classified on vine characteristics, the vigor 
of the plants and the color and crinkling of the foliage being the 
points noted. Later in the season these groups of hills were dug and 
the tuber characteristics noted. These studies show very con¬ 
clusively that shallowness of eyes is correlated with degeneration. 
In practically all varieties the most p^ect tubers so far as size, 
form and depth of eyes were concerned came from intermediate 
plants. In advanced degenerate types the depression about the eye 
IS often entirely absent. The eyebrow is also less prominent in 
degenerate types. 
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To US this infonnation came as a shock for we have often preached 
^e doctrine of selecting shallow-eyed seed tubers. We have believed 
in it and we spread the gospel with considerable feeling. But we 
are now convinced that there is no surer way of br ingi ng about 
deterioration within those varieties inclined to degeneration than 
by continued selection of shallow-eyed types. In all potato seed 
selection based on tuber characteristics alone, shallow-eyed tubers,— 
more especially in medium and small sizes,—should be looked upon 
with suspicion. Variation in depth of eyes is most noticeable in 
those varieties producing deep-eyed tubers normally, like Early 
Triumph, Irish Cobbler, Pearl and Green Mountain. But even in 
shallow-eyed varieties like Russet Burbank and Rural New Yorker, 
variation in depth of eyes is quite noticeable between lots of tubers 
from degenerate and normal-vigorous plants. 


Varietal Variations as Seen in Similar Methods of 
Training Tomatoes 

By Geo. W. Hood, University of Nebraska, Lincoln, Nebraska 

HAVE heard a great deal about the pruning and training of 
tomatoes. We have been told that pruning and training 
hastens the maturity of the crop and that better fruit is the result. 
Perhaps this is all true, and perhaps there is a place for the pruned 
and trained totmato plant, but just where it is remains a puzzling 
question. Without doubt forced tomatoes should be pruned and 
trained, but to me it seems an open question as to the advisability 
of practicing these methods in the open ground except in special 
instances where short seasons demand this practice. 

The following tables will serve to give some data on the relative 
yields and the time of ripening for three of the leading varieties. 
It would seem according to the tables that certain varieties do best 
when grown under one method while another variety prefers a 
different method. The records here given are the average of fifteen 
plants and by careful examination of the results, many interesting 
things can be found. 

There appeared to be only a slight difference in the yield of the 
Earliana when grown under the several methods but a wide range in 
the Stone and June Pink, ranging from 12.5 to 25.2 pounds in the June 
Pink and from 15.9 to 23.9 pounds in the Stone. The Earliana 
showed very slight gains and stood around 16 pounds for all methods 
and ranged from 14.3 to 19.5 pounds which is considerably less than 
either of the other varieties. With the Earliana and June Pink 
the greatest yields were obtained when the plants were not pruned, 
but allowed to grow naturally, but in the case of the Stone there 
seemed to be very little difference between the methods except 
when the plant was staked and pruned to one stem, and there a 
difference was noted which of course should be expected. 
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Training Rtcord—Skme 


{Fifteen plants) 



Staked and 

Staked and not 

Pruned and not 

Neither Staked 


Pruned 

Pruned 

Staked 

nor Pruned 


Pounds 

Pounds 

Pounds 

Pounds 

Aug. 10. 

1.0 




Aug. 13. 

5.1 


1.8 

1.8 

Aug. 17. 

4.0 

1.3 

2.5 


Aug. 20. 

5.0 

5.9 

4.2 


Aug. 22. 

8.5 

2.8 

6.1 

8.2 

Aug. 27 . 

10.8 

4.3 

9.0 

11.5 

Arg. 29. 

12.0 

8.5 

19.8 

13.9 

Sept. 1. 

22.6 

11.1 

14.7 

26.6 

Spet. 6. 

24.2 

83.8 

29.0 

104.8 

Sept. 12. 

8.6 

32.4 

14.6 

16.5 

Sept. 18 . 

16.0 

67.3 

38.4 

46.6 

Total ripe vSept. 23 .. 

117.8 

217.4 

140.1 

229.9 

Total green Sept. 25 

117.0 

111.7 

193.5 

129.7 

Sum total. 

234.8 j 

329.1 

333.6 

359.6 

Average per plant 



1 


ripe fruit . 

7.8 j 

14.5 

9.3 

15.3 

Average per plant* 

i 




green fruit. 

7.8 1 

7.4 

12.9 

8.6 

Total average . 

15.6 j 

1 

21.9 

22,2 

23.9 


Still another interesting^ thing was seen in the total amount of 
ripe and green fruit secured from the different methods. The Earli- 
ana and Stone produced more ripe fruit when the plants were staked 
and pruned to one stem, when they were staked and not pruned, 
and when they were Neither staked nor pruned, while the June Pink 
produced less fruit on the staked and pruned to one stem and more 
for the other three methods. 

Contrary to the belief of many people the plants that were allowed 
to grow at will produced less green fruit at the end of the season than 
did the plants treated by the other methods, with the possible excep¬ 
tion of the Stone which was about the same in the three cases, and 
judging from these results it would seem that the tomato plant 
will do better and produce more ripe fruit when allowed to grow at 
will and in its natural state rather than to handle it and attempt to 
compel it to conform to any set method of growth. 

The earliness as indicated by the dates I hardly think compensates 
for the time and energy spent, to say nothing of the reduc^ yield 
over the other method. 
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Training Record—June Pink 


(Fifteen plants) 


Date Fruit was Picked 

Staked and 
Pruned 

Staked and not 
Pruned 

Pruned and not 
Staled 

Neither Staked 
nor Pruned 


Pounds 

Pounds 

Pounds 

Pounds 

Aug. 10. 

5.1 

8.3 

3.5 

5.1 

Aug. 17. 

7.4 

9.6 

5.8 

10.1 

Aug. 20. 

4.7 

15.2 

11.2 

2.5 

Aug. 22. 

4.3 

8.1 

7.0 

13.6 

Aug.27. 

14.4 

11.4 1 

12.5 

34.1 

AUg. 29. 

8.3 

12.5 

17.5 

28.8 

Sept. 1. 

8.9 

! 27.7 

6.2 

40.9 

Sept. 6 . 

16.5 

97.0 

22.9 

109.0 

Sept. 12. 

2.5 

86.2 

9.4 

31.3 

Sept. 18. 

21.4 

50.8 

43.9 

58,2 

Total ripe Sept. 23 .. 

j 83.5 

326.8 

i 139.9 

333.6 

Total green Sept. 25. 

1 105.8 

1 

103.8 

j 96.0 

45.0 

Sum total . 

i 189.3 

403.6 

235.9 

378.6 

Average ripe fruit . . 

5.5 

21.7 j 

j 9.5 

22.2 

Average green fruit . 

! 7.0 

6.9 

6.4 

3.0 

Total average. 

12.5 

28.6 ! 

' 15.7 

25.2 


Training Record—EarUana 
(Fifteen plants) 


Date Fruit was Picked 

Staked and 
Pruned 

Staked and not 
Pruned 

Pruned and not 
Staked 

Neither Staked 
nor Pruned 


Pounds 

3.6 

4.1 

Pounds 

Pounds 

Pounds 

Ang 13. 


2.4 

1.1 

A^. 17. 

1.0 

2.6 

1.5 

Aug 20 

8.5 

6.6 

4.6 


Aug. 22. 

10.2 

4.0 

6.9 

6.2 

Aug. 27. 

11,4 

7.0 

6.8 

19.1 

Aug. 29. 

10.8 

9.1 

13.9 

22.5 

Sept. 1. 

11.2 

8.4 

9.1 

19.0 

Sept. 6. 

21.5 

71.2 

22.6 

75.0 

Sept. 12. 

13.5 

30.0 

ll.l 

17.6 

Sept. 18. 

26.8 

57.5 

32.6 

49.4 

Total ripe Sept. 23 .. 

121.6 

194.8 

112.6 

211.4 

Total green Sept. 25 

93.5 

99.5 

150.7 

41.1 

Sum total. 

215.1 

294.3 

^ 263.3 

252.5 

Average ripe fruit .. 

8.0 

12.9 

7.5 

14.0 

Average green fruit . 

6.2 

6.6 

10.0 

2.7 

Total Bvetage . 

14.3 

19.S 

17.5 

16.7 
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Keeping Qualities of Hubbard Squash 

By G. W. Hood, University of Nebraska, Lincoln, Nebraska 


T TNCERTAINTY surrounds the marketing period of many of our 
^ horticultural crops. Just what is the proper time to market a 
crop is often difficult of solution. This, however, is simplified if we 
know something about the keeping qualities of the crop in question 
and the average price it will bring at different seasons of the year. 
Of course the price fluctuates from year to year and is relatively 
high or low at irregular intervals, but as a rule the longer a crop is 
held during the season, presumably the better price it will bring. 

The first question then is to learn as near as possible the amount 
of shrinkage a crop undergoes, as well as the total loss occasioned by 
storing. 

Having grown the Hubbard squash commercially for the past 
four or five years, I decided to ascertain if possible the amount of loss 
and shrinkage occasioned by storing and attempt to arrive at some 
definite conclusion as to the most profitable time to market this 
crop. The work was undertaken and I selected fourteen medium 
sized squashes from the lot and numbered each from one to fourteen. 
These were weighed accurately and stored in a cool airy room, the 
temperature averaging around 40 to 50 degrees F. The squashes 
were weighed every Monday morning and the records carefully 
kept for a period of five months, beginning the first of November 
and ending the last of March. The experiment was duplicated the 
following year and the results here given are the averages for the two 
years. 

Table I 


Specimen Number 

Two Years 
Average Weight 
at Beginning 

Two Years 
Average Weight 
at End 

Average Loss 

Average Loss 
Per cent. 


Pounds — Ounces 

Pounds—Ounces 

Pounds—Ounces 


1 . 

7-8 

6-4 

1-4 

16.6 

2 . 

7-12 

6-8 

1-4 

16.1 

3 . 

6-0 

4-11 

1-5 

21.7 

4 . 

10-2 

84) 

2—2 

21.9 

5 . 

13-4 

10-9 

2-11 

20.1 

6 . 

10-8 

8-10 

1-14 

17.8 

7 . 

7-8 

5-4 

2-4 

29.9 

8 . 

8-8 

7-0 

1-8 

17.6 

9 . 

7-^ 

4-8 

3-0 

39.9 

10 . 

7-12 

5-7 

2-5 

29.8 

11 . 

7-12 

5-12 

2-0 

25.8 

12 . 

9-4 

8-0 

1 1-4 

13.5 

13 . 

14-0 

12-10 

1 . 1-6 

9.7 

14 . 

12-6 

10-14 

1 1-8 

! 

12.1 


Of course you realize that the figures here given cannot be regarded 
as conclusive proof of the keeping qualities but will give some idea as 
to the shrinkage due to storage. 
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If the table is analyzed you will note that an average of 20 per 
cent loss in weight was occasioned during the storing period through 
shrinkage or loss of moisture. The loss from individuals varied 
greatly, due probably to the different degrees of ripeness and ranged 
from as low as 9 per cent to as high as 40 per cent with the majority 
ranging around 16 to 20 per cent. 

A peculiar thing was observed in the time of the greatest loss, 
and one would naturally suppose this would take place soon after 
storage, but as seen from Table II that the average of the first two 
months was about half as great as the third and fourth months 
and only about one-fourth as great as the fifth month. 

The question now arises as to what time is the most profitable to 
market, and in order to arrive at a logical conclusion I am taking the 
selling prices that exist on the Nebraska market and which have 
remained practically stationary for the past four years, increasing 
only slightly this past fall. 

The beginning price paid for Hubbard squash is $20.00 a ton 
which increases to about $30.00 a ton around Thanksgiving and 
usually remains constant for the remainder of the season. Taking 
these figures as a basis, it will be found that by storing and holding 
the crop for two months, a profit of about $17.00 a ton can be made 
for the trouble of handling. The question now remains whether 
the crop can be stored at a profit at these figures or whether more 
money will be cleared by hauling direct from the field to the market. 
Local factors will determine this as well as local prices and when the 
loss due to storage is known, the time for marketing can be figured 
out for each local case. 


The Farm and Garden 

By F. E. McCall, Agricultural College, Brookings, S. D, 

^HE farm garden in South Dakota during the past four seasons 
^ ■ has undergone many significant changes, many of which show 
real progress toward some definite improvement, while many others 
are still in the pioneer stage. Most farmers have been very insistent 
on growing standard varieties and acreages of ^ains in their fields 
but have made unprofitable experiment stations of their home 
gardens. 

Previous to the war garden activities the farmer’s garden was usually 
characterized by a decided lack of balance; that is, over production 
of certain perishable varieties, lack of small fruits, the absence of 
perennials, no succession of desirable varieties throughout the summer 
and insufficient quantities of vegetables for winter storage. 

In the spring of 1916 an attempt was made to prove to the farmer 
that his garden could be of much greater value and become the chief 
source of food supply for the family if proper management were 
provided. Twelve fanners’ wives were found who were willing to co¬ 
operate on the following schedule: 
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The owner agrees to carry out as many of the following provisions 
as may be agreed upon by himself and the horticultural specialist 
of State College: 

1. To provide suitable area, location and preparation of the seed 
bed. 

2. To secure seeds and garden plants as suggested. 

3. Plant according to a definitely worked out plan. 

4. To provide culture and pest control measures as may be 
directed by horticultural specialist. 

5. To harvest crops at the proper time and tabulate yields. 

The horticultural specialist will assist in, 

1. Locating the garden. 

2. Determining soil needs and type of culture. 

3. Providing a workable planting plan. 

4. Suggest as to planting and care. 

5. Securing supplies, etc. 

6. Furnish blanks for tabtilations. 

7. Keep in touch with the garden progress throughout the season. 

These gardens were equally divided over the state, four of which 

were under irrigation, four under dry land and four under humid 
conditions. 

Each of these twelve co-operators furnished data on their garden 
3 rields and values for the two years 1914 and 1915, the average results 
of which are in the following table. 

The average results of the years 1916-1919 inclusive, are fotmd 
in the latter part of this same table under the heading ‘‘During 
Demonstration.’' 


Before Demonstration 


Type of Garden 

Irrigation . 

Dry land. 

Humid. 


Gross return Cost Net return 
IHjr acre per acre per acre 

$75.00 $17.00 $58.00 

50.00 18.00 32.00 

85.00 21.00 64.00 


Average 


$70.00 $18.66 $51.33 


Irrigation 
Dry Land 
Humid .. 


PuRiNG Demonstration 

. $450.00 $68.00 $382,00 

. 205.00 51.00 154.00 

/. . 369.55 57.90 311,65 


Average 


$341.51 $58.76 $282.65 


The following plan with slight changes was used in all the demon¬ 
stration gardens: 


Plan op the Farm Garden Plot, Rows Running the Long Way 

Border space 4 feet 

Red raspberries 100 feet ; five trees each of Sapa and Opata plums 
10 feet apart. 

Space 4 feet 

Currants, 12 fafui^es; Goosebem^, 12 bushes; A^>aragi^, 50 
plants; Rhubarb, 25 plants. 












190 


AMERICAN SOCIETY FOR HORTICULTURAL SCIENCE 


Space 4 feet 

Strawberries (matted row), early, yi everbearing. 

Space feet 

Parsnips, 100 feet; Salsify, 100 feet. 

Space Zyi feet 

Peppers, 25 feet; Parsley, 10 feet; Eggplant, 40 feet; Bush 
squash, 100 feet; Swiss chard, 25 feet. 

Space Zyi feet 

Lettuce, 25 feet; Turnips, radishes, 25 feet; Icicle radishes, 25 
feet; Onion sets, 25 feet; Beets, 50 feet; Spinach, 50 feet; (Navy 
beans for second crop). 

Space feet 

Early cabbage, 50 feet; Cauliflower, 50 feet; Early peas, 100 feet; 
(Navy beans for second crop). 

Space 3K feet 

Tomatoes, 150 feet; Late peas, 50 feet. 

Space 33^ feet 

Early com, 100 feet; medium com, 100 feet (followed by beets 
50 feet, spinach 50 feet, mtabagas 50 feet and turnips 60 feet for 
second crop). 

Space Zyi feet 

Late cabbage 200 feet. 

Space Zyi feet * 

Balance of garden to be planted in potatoes and late sweet com 
with Hubbard squash in the com. 

The culture was the same for each garden in each district. In all 
cases the seed bed was fertilized an^ thoroughly prepared and the 
seeds and plants put in the ground at the proper time. Clean culttire 
and succession cropping were practiced and a careful tabulation of 
results was made. 

These demonstrations show that the man in charge, his selection 
of varieties and his system of management and culture are much 
more the controlling factors than the location and climatic conditions, 
and shows what every farmer can do if he follows a well balanced 
and well developed policy. 


Nature of Hardening in Vegetable Plants 

By J. T. Rosa, jr., University of Missouri, Columbia, Missouri 

'T'HE resistance of plants to cold, and the means of developing 
^ such resistance in cultivated plants has been an interesting 
problem for physiologists and horticulturists. The process of 
hardening vegetable plants grown in greenhouse or hotbed, before 
transplanting to the field, is an important step in the production of 
early vegetables. The means by which this hardening may be 
accomplished, and the nature of the changes which accompany 
the process in vegetable plants are the subjects of the present investi¬ 
gation. 
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The conventional method of hardening vegetable plants is to 
expose them to relatively low temperattires in a coldframe for ten 
days to two weeks before transplanting to the field. In work be¬ 
gun in 1917, several other methods have been utilized to check the 
growth of plants in the greenhouse. The final effects as to hardiness 
to cold are about the same as exposure to low temperatures in a cold- 
frame. The methods used are: (1) Partial withholding of mositure 
for several weeks, (2) Growing plants in poor sandy soil. (3) 
Growing plants in poor soils and partial withholding of moisture 
combined. (4) Checking growth by allowing plants to become 
** root-bound” in small pots. (5) Applications of M /lO solutions of 
various salt solutions which inhibit growth. (6) Exposing green¬ 
house grown plants to relatively low temperatures in a coldframe. 
The effect of these treatments on the resistance of the plant to cold 
was determined by placing small groups of plants from each treat¬ 
ment in a cold chamber, held at the appropriate temperature for a 
definite length of time. The details of this part of the work will be 
reported later but it may be said here that in every case when the 
vegetative growth of the plant had been checked the plants were more 
hardy to cold. 

The plants worked with chiefly have been tomatoes, leaf lettuce 
and cabbage. The first represents the group of plants considered 
more or less tender, and in which hardiness to cold cannot be devel¬ 
oped to a very great extent. The other two represent the group of 
leafy vegetables in which hardiness can be developed to a relatively 
great degree. 

The hardening process is accompanied by several easily observed 
morphological changes in the plant, the extent of these changes 
usually being proportional to the intensity of the hardening treat¬ 
ment. Color of leaf and stem in the case of both the tomatoes and 
cabbage change markedly. The green color of the stem becomes 
pink or even dark purple, probably due to accumulation of anthocyan, 
which often accompanies an increase of carboyhdrates in plants. 
The leaves of the cabbage become a lighter green, and frequently show 
a considerable amount of pink coloration, especially around the 
margins. Tomato leaves also become lighter green, and in extreme 
cases yellowish-green. The under sides of tomato leaves may also 
become quite purple, especially the older leaves. All of these changes 
seem to be in accord with the fact that metabolic activities within 
the plant have been slowed up by the hardening treatment. 

In case of cabbage, the development of the waxy leaf covering or 
“bloom” is much accentuated in hardened plants. This covering 
may be significant in relation to the plants^ resistance to cold, for 
it may prevent particles of moisture, freezing on the sirface, from 
inoculating the moisture of the tissues with growing ice crystals, 
thus permitting a greater degree of super-cooling of the interior 
of the leaf without ice formation. 

The texture of leaves of hardened plants is tougher and more 
leathery than that of tender plants of the same age. Also the stems 
become more woody and firmer. The percentage of dry matter is 
gener^ly greater in hardened plants, as indicated in Table I. Data 
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presented here also indicate the marked difference'in size of hardened 
and non>hardened plants as measured by the average green weights 
of the portions above ground from plants of the same age. This is 
in accord with the popular conception of hardy plants being some¬ 
what smaller, more "stocky,” and less “sappy” in appearance than 
tender or non-hardened plants. 

It is seen freon this table that there is a gradual decrease in the 
weight of plants as the checking treatment becomes more intense. 
The experimental results on freezing plants from these groups indicate 
that the hardiness of the plant is in direct proportion to the intensity 
of the checking treatment. 

It was suggested by Chandler that perhaps the cells in hardy 
plants were smaller than in tender plants. Some work has been done 
in our investigations here, to determine whether or not there are any 
significant changes in the ceUular structure of leaves from hardy and 
non-hardy plants. Pieces of leaves were gathered from plants 
included in the various treatments described in Table I. These 
were killed in chrome-acetic acid, dehydrated in alcohol, imbedded 
in paraffin, sectioned and stained with safranin and Delafield’s 
haematoalin. The thickness of leaves, the relative amounts of 
palisade and parenchyma tissue and the length and width of palisade 
cells were measured. From the latter, the cross-section area of the 
cells can be roughly computed. Table II gives the measurements for 
two sets of cabbage leaves. 


Table II 

Size of ceils in hardy and non-hardy cabbage plants 


No. 

Treatment 

Nature 
of Plant 

Thick¬ 
ness 
of ] 
Leaf 

1 

Width 1 
of PaU-1 
1 sade 

1 Cells 

I..ength 
of Pali¬ 
sade 
; Cells 

Area of 
Palisade 
Cells 

A.3 

Grown with minimum moisture sup¬ 

Mu. 

Mu. 

Mu. 1 

Mu. ' 

1 Sq. Mu. 


ply . 

Hardy 

269 

19.4 1 

27.8 

1 .538.8 

A.1 

Grown with full water suppfy. 

Tender 

291 1 

19.1 

36.3 

1 694.0 

El. 

In cold frame 15 days . 

Hardy 

312 

19.9 1 

31.1 

! 619.5 

E3 

In greenhouse. 

Tender 

274 

20.19 

36.9 

1 772.0 


These data indicate a slight increase in size of palisade cells in the 
tender plants, both in case of the wet versus dry-grown plants, and 
the coldframe versus greenhouse plants. The thickness of leaves is 
greater in the case of the tender wet-grown plants than the hardy 
dry-grown plants, while the reverse is true of the hardy coldframe 
plants and the tender greenhouse plants. 

The density of the sap as measured by the depression of its 
freezing point was considered of great importance by Chandler, in 
relation to hardiness of plants to cold. He found that hardened 
plants quite consistently exhibited greater depression of the freezing 
point of the expressed juice. Since Chandler made numerous freez¬ 
ing point determinations here on more or less simialr material, only 
a few determinations of this sort have been made with plants from 
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the various hardening treatments in the course of this work, which 
are presented in Table III. 


Table III 


Freezing point determinations on expressed mice of tomato and cabbage plants 


Plant 

No. 

Date 

Treatment of Plant 

Deprassiotl 
of freezing 
poim 
degrees C 

Tomato (leaves only) 

A3 

Dec. 13,1919 

Minimum moisture 

1.370 C, 

Tomato (leaves only) 

A1 

Dec. 13,1919 

Optimum moisture 

.820 

Tomato (leaves only) 

B2 

Dec. 13, 1919 

Grown in i sand, J loam, 
med. moist 

1.180 

Tomato (leaves only) 

B4 

Dec. 13.1919 

Grown in loam, med. moist 

1.018 

Tomato (leaves only) 

B6 

Dec. 13,1919 

Grown in } manure, J loam 
med. moisture 

.950 

Cabbage. 

A3 

Nov. 22,1919 

1 Minimum moisture 

1.083 

A1 

Nov. 22,1919 

1 Optimum moisture 

.785 

Cabbage. 

D1 

lNov.22,1919 

Grown in coldframe 

;i. 2 oo 

E2 

iNov. 22,1919 >In cold frame 5 days 

, .963 


D4 

Nov. 22,1919 

; Grown in greenhouse 

! .785 

Cabbage . 

Cl 

Mar. 23,1918 

Grown in i sand, § loam 

1.155 

!C2 

Mar. 23.1918 

Grown in loam 

.750 


It is seen here that the freezing point is somewhat lower in case 
of plants subjected to various checking treatments, which agrees 
with Chandler's work, and is in accordance with the greater per¬ 
centage of dry matter in these plants, as well as the accumulation of 
sugars, to be mentioned later. 

One of the striking differences between tender and hardy plants 
is the rate of growth. This has been measured week by week for 
tomato plants included in the various treatments mentioned in Table 
I. These data are presented graphically in charts 1,2, and 3. Cabbage 
and lettuce also show similar differences in the rate of growth, but 
this is less easily measured because of the structure of these plants. 

These charts indicate the slower rate of growth of tomato plants 
subjected to the various treatments which check growth, also the 
smaller size (height in m.m.) of the plants just before transplanting 
to the field. 

Considerable attention has been given to the chemical changes in 
plants subjected to the hardening process. In fact, some investi¬ 
gators consider chemical .changes in the protoplasm to be the princi¬ 
pal means by which plants acquire resistance to cold. Most of our 
work so far on the carbohydrate changes in hardy and non-hardy plants, 
was produced by various treatments described in Table I. A 
detailed report of this work is to be given elsewhere. It may be said 
here that the changes in the carboyhdrate composition of these 
plants vary in the same general direction, in the various treatments 
which have been used to check vegetable growth and which have been 
found to develop hardiness. In cabbage, the greatest change in the 
hardy plants is in the accumulation of sugars, but this accumulation 
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much greater in plants exposed to low temperatures in the cold- 
frame, than in the plants hardened in the greenhouse by withholding 
water. There is also an increase in starch and total polysacharides 
in hardened cabbage plants. In case of lettuce the same changes 
have been found as in cabbage. In case of tomato, the same type 
of change has been found, except that the increase of sugars in 
hardy plants is relatively slight, while the accumulations of starch 
is very much larger than in cabbage and lettuce. Since to sugar has 



Chart 3 —Effect of Exposure to Low Temperature in Cold Frame on Rate 
of Growth of Tomato Plants 


been ascribed a protective action on colloids, such as plant proto¬ 
plasm, it may be significant that there is little increase in sugars in 
hardened tomato plants, which can be brought to stand only a 
relatively slight degree of cold, while there is a much greater increase 
of sugar in plants which are susceptible of greater degree of hardening 
than the tomato. In connection with the carbohydrate accumula¬ 
tion in these hardened plants, it is interesting to note that Hartwell 
found a marked acciuniilation in plants in the field where growth 
had been checked by various causes. 

Summary 

This investigation has indicated that hardiness to cold may be 
developed or increased in cabbage, lettuce, and tomato plants by 
various treatments which check vegetative growth. The outstand¬ 
ing effect of these treatments upon the plant is slowing the rate of 
growth. Other changes have been found to accompany the checking 
process, as increase in percentage of dry matter, greater depression of 
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the freezing point of the sap and an accumulation of sugar, starch, 
and i^ysacharides. In ad(htion, it seems that there may be smallftr 
cells in hardened plant tissues. 

The fact that vegetable plants may be hardened by vatiots 
checking treatments other than the conventional method of exposure 
to low temperatures may be of use to the practical horticulturist. 


The Modification of Vegetable and Reproductive 
Functions Under Some Varying Conditions of 

MetaboUsm 

By E. J. Kraus, University of Wisconsin, Madison, Wis. 

This paper will probably be printed in the Annals of Botany. 


'^he Impartiality of Research 

By L. H. Bailey, Ithaca, N. Y. 

^HE speaker developed his subject mostly as an informal talk 
* or discussion. It was divided into two general parts: A body 
of statements or precepts, and a number of direct applications to 
present botanical work. The speaker explained that he used the word 
botany in a very broad sense, covering the general subject of plant 
knowledge whether persons were known professionally as botanists, 
horticulturists, agronomists, or tmder other titles. He had in mind 
the direct study of plants in the scientific spirit, quite independently 
of the particular range or field in which any particular investigator 
may be interested. He indicated that the combined meeting of 
botanists and horticulturists was an occasion of great pride and one 
that gave much hope for the future in makinp' for soUdaiity of inter¬ 
ests and indispensable fellowships. The science of botany, in its 
broadest sense, will gain public reception and support largely in 
proportion to the unanimity with which the subject is presented by 

those who are concerned in it. 

( 

I. The Precepts 

It is a common saying with us that a person should be able to see 
both sides of a question. I think it is more important, however, that 
he toould be able to see the middle of it. 

•Abstract of address before joint meeting of the Botanical Society America, 
the American Phytopathological Society, and this Sodety. 
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I mean that it is more important to you and to me, although 
perhaps not so entertainii^, that a person should understand his 
subject than to be able to juggle a compromise between two opinions 
on it. 

Habitually we approach our subjects sidewise. We investigate 
as democrat or republican, high churchman or low churchman, 
American or Englishman, Darwinian or Lamarckian, Christian or 
Confucian. More than we know, our minds are made up before we 
begin. The old woman said she was going to find out before she 
punished John, and if she couldn’t find out she would punish him 
anyway. 

We seem to try to make peace with our subject before we attack 
it. We skirmish around it, and estimate the partisanship in the his¬ 
tory of it. Learning the parties in it, we then determine which party 
we shall attack or with which we shall agree, being careful to agree 
when not sure of our ground and to differ when we can make reputa¬ 
tion by the overthrow of an accepted opinion. We become contest¬ 
ants, engaged in polemics. 

Practically all men and women are partisan. To be not partisan 
is thought to be colorless. Yet I cannot think of Darwin as colorless. 
Darwin did not answer his critics and argue with them, yet no man in 
the past century was so much misunderstood and abused. A few of 
the older ones of us have burning recollections of that mighty contro¬ 
versy, reaching every range of thoughtful men. Darwin was pos¬ 
sessed of the idea that truth would win its way. His responsibility 
was to discover it, not to defend it. If he had partisanships, they 
did not color his studies of plants and animals. If he had been a 
disputant, his power would have been relatively small. Does he 
not remark, in one of his letters, that he was not able to make replies 
quickly to those who objected to his conclusions ? Let us be thankful. 

We live in a time when it is politic and proper to make accomoda¬ 
tions. We think it necessary, in order that we may be at peace with 
our neighbor and society, to be “polite.” But it is not necessary 
that we make accommodations in our science work. Because a man 
is a pmper democrat, but condescends to live at peace with his 
republican neighbor, is no reason why he should try to make an 
arrangement with a chromosome. 

Now, it is the chromosome that makes us free. It leads us out of 
previous arrangements, snaps the strings that tie us to old accommo¬ 
dations. 

Habitually, then, we are partialists. Research in science is the 
antithesis. To render us' impartial is the noblest contribution that 
science makes to human welfare. 

To find the fact and to know the truth,—this is the purpose of the 
quest of science. If the truth can be applied to the arts of life, the 
gain is good; but the truth is valuable on its own account, and for 
the range and reach that it imparts to the mind. As the truth is of 
itself, as it knows no person and no condition, so is its application 
impartial and so is its effect on the mind tmcompromising. 

One never makes the quest with success unless the mind is open 

the start. The quest is to find out, always to discover, never to 
|Stfove a thesis or to demonstrate an assumed position. Herein does 
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this mind differ from that of the advocate who must merely prove a 
case, or from that of the preach^ whq must support a do^a, or 
from that of the politician who must defend a party. 

If science is not dogmatic or partial, so is it not disputatious. A 
few weeks ago a great meeting was held to discuss a difficult public 
situation, involving disease. There were violent opinions and 
strong parties for and against. One man read a paper giving the 
facts, without argument. The facts, not the arguments or the heat^ 
debates, finally determined the procedure. No species of argument 
can influence a micro-organism. 

So accustomed are we to partial opinions and to subjective 
“beliefs*' that plain statements of facts may fail to hold our attention. 
They do not have sufficient color, or power of entertainment, to elicit 
applause, and we say that the reciter of them is impractical, which is 
the heaviest epithet that we can hurl at a man in a commercial epoch. 

Never have we arrived at mastery and never do we discover the 
greatest intellectual delights until plain facts, ungamished, standing 
for themselves, are poetry and painting and inspiration. Nothing is 
so beautiful or abides so long as the truth of facts; and keen is the 
joy when we partake in the discovery of them. To read with relish 
a clear statement of the plants that grow in a field, of the birds that 
breed in a wood, of the rocks that lie on a hillside, of the stars that 
stand in the heaven, is a rare and choice satisfaction and one that we 
love to sliare with every friend. 

Science also is unselfish. To be selfish with the results of one's 
scientific labors is as much to be reprehended as to be selfish with 
time or money dr counsel, and even more so. To act grudgingly 
with one’s facts or discoveries, to hoard and withhold, to stand pri¬ 
marily for “credit,” is not the science spirit. 

In the truth there is no secrecy, no deals, no combinations, no 
conspiracy, no favor, no courtesy to high opinion. Whether there will 
be an eclispe does not depend on discussion nor even on agreements 
of any number of persons. Whether a species migrates in twos or in 
tens does not depend on what somebody “believes” or on authority. 
Yet we still accept the opinions of commissions rather than patiently 
and quietly to discover the facts. It is fundamental to our welfare 
that we distinguish sharply between facts and opinions. 

Every discovery of new truth, however near or remote, is an 
example in intellectual poise. It is a contribution to self-mast^, 
a reason for independence. The greater the number of discoveries, 
the wider their range, the more widespread their publication, the 
greater will be the independent thinking of the people; and finally 
the intellectual attitude will express itself in political practice. 

The sdence-spirit removes at once the fear of truth and the fear 
of dogma and the fear of nature. Ignorance’ is always bondage, and 
it is the truth that shall make you free. The old theologies have 
been founded on the fear of nature, and the release lies in propitiation. 

II. The Applications 

What is the purpose and what the vsilm of our wideapr»d teach¬ 
ing of science if not that its mental attitude is to he applied in all the 
horizons of life? If this attitude were applied in pul^c affairs we 
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should forthwith have a new politics. The great gains in scientific 
research and in science-teaching lie in these mental postures rather 
than in the direct application to invention, production, commodities, 
and communication. 

The stimulation of the research spirit lies at the root of democracy. 
It develops the merit of the individual, and this is a form of public 
service. A democracy is the expression of the attainment and merit 
of all its citizens. 

I would not have you think that the science-spirit is the last stage 
in our intellectual evolution; some day the race will gain its highest 
conquests by free and plain intuition; but first we must see clearly 
and we must know. First must we be able to use the five senses. 
Only free and trained persons can be seers. 

The responsibility for the stimulation of research lies with the 
teachers and investigators. It is not sufficient that we engage in 
research on our own account, but we must also live the significance 
of it in public view. As we investigate and as we express the results 
of our investigation, so will the people measure the value of the 
research spirit as a motive in life. 

I mean to make several particular applications. I must not let 
you think that we have all yet learned what is implied in the impar¬ 
tiality of research. I would not care to speak on this subject to 
zoplogists, physicists, or others, but I speak with some freedom to 
botanists and horticulturists because I have been asked to do so. 

I must also confess that I draw my applications largely from introspec¬ 
tion. I am convinced that as botanists and horticulturists we are 
possessed of several precious partialities. 

(1) We are likely to maintain the partiality of professional 
pride. If we are botanists, we desire to make sure that the piece of 
work is accomplished by a botanist; if we are horticulturists, we must 
be convinced that the investigator is a horticulturist. We may still 
have something of the old feeling of *'our set.’’ Yet I defy any one of 
you to make a definition that will separate botanists from horticultur¬ 
ists. The only test is really this: is it honest work? 

Am I willing to be called by another name? If not, am I a scien¬ 
tist or am I a class-unionist ? 

(2) We are partial to our subject, to the extent that we must 
protect it. This is very different from liking the subject. We seem 
to feel that any admission of an adverse vset of facts or philosophies is a 
criticism of the subject. Yet we are to remember that our great 
prophets have stated the exceptions and the objection. Who could 
be more cautious and more solicitous of the opinion of the reader than 
was Darwin in propounding his hypothesis of pangenesis? 

Am I willing to accept adverse suggestions? If not, am I a scien¬ 
tist or am I a defender of the faith? 

(3) We are likely to be partial in the sorting of evidence. We 
are to be cautious that we do not take the attitude of the advocate 
or the trial lawyer, assembling and remembering the acts that agree 
with our position and forgetting or slighting others. I recall a writer 
who quoted certain things from my own publications to sustain an 
hypothesis, but from the same publications he might have cited 
other facts in opposition to this h 3 ^othesis. 
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Am I willing to state the disproofs as well as the proofs, the nega¬ 
tives as well as the positives? If not, am I a scientist or am I an 
advocate? 

(4) We may be partial to our own statements. I think we place 
far too much value on what is called consistency. Was it not Emer¬ 
son who remarked that consistency is a trait of small minds? I 
wonder whether we are as willing to correct ourselves as to uphold 
ourselves, or to correct ourselves as to correct others. I am wonder¬ 
ing whether we have developed the rare trait of looking objectively 
at our own work. 

Am I willing to look at my work with the eyes of another person? 
If not, am I a scientist or an enthusiast? 

(5) We become adherents to an hypothesis. We are known as 
Darwinians, neo-Darwinians, Lamarckians, neo-Lamarckians, Mende- 
lians, rather than as scientists. We are expected always to uphold 
our particular cult. A Lamarckian seems to be precluded from being 
an anti-Lamarckian and perhaps even a Darwinian. We go to a 
man’s lecture because we want to hear him uphold his clan. 

All this often goes to ludicrous ends. All the exceptions to the 
hypothesis are absorbed into the hypothesis byredefining the hypothe¬ 
sis so that there are no exceptions to the hypothesis! Acquired 
characters are not heritable: if they are heritable, they are not 
acquired characters! Only mutations and not variations have effect 
on the ph^dum: if variations have effect on the phylum, then they are 
not variations but mutations! Eventually we pile so many ideas 
on the hypothesis that the original clarity is lost, and the whole 
structure falls by its own weight. Perhaps we are to have an illustra¬ 
tion in Mendelism. If Gregor Mendel were to come back to us, he 
would be stumped by Mendelism. Without expressing my own 
opinion, you will allow me to quote from a recent statement on Mem- 
delism by R. A. Rolfe, of the Royal Botanic Gardens at Kew, who is a 
standard authority on orchids and their hybrids and on other groups: 

‘'There is a tendency among a section of biologists to regard evep^- 
thing from the Mendelian standpoint. We have the Mendelian 
theory, Mendelian principles, Mendelian laws, and even Mendelian 
evolution. Mendelism has become a sort of fetish, which is explained 
in a jargon that is largely unintelligible outside the circle of its 
devotees.” After citing the work of Knight with peas in 1787 
(published in 1799) and of Goss and Seton in 1822, he remarks that 
“neo-Mendelians might well return to this simplicity and directness 
of statement.” 

Am I ready to challenge my h)q)othesis in the face of contrary 
findings? If not, am I a scientist or am I an apologist? 

(6) We are still obsessed of the partiality of tradition. We yet 
spe^ habitually of ”pure science” and “applied science” as if they 
were realities. Science knows no impurity. Until we outgrow this 
old partiality, we are not scientists. 

Since I am speaking to botanists and horticulturists, I recAll again 
the whole subject of the state of systematic knowledge of cultivated 
plants. I thmk similar statements might be made in r^pect to 
sudh knowledge touching domesticated animals. I am botanizing 
in New York: I find a plant that puzzles me; I recognize it as a 
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Lactuca; I take it to my laboratory and consult the sheets of Lactucas 
until I make up my mind what it is; or if I do not have sufficient 
specimens, I borrow them of other botanists. I am travelinj^ in 
Manchuria: I find a curious thickened stem in the market; on cutting it 
open I a milky juice, and am puzzled to know what it may be; 
I get seeds and grow it; the plant turns out to be a Lactuca, allied 
to L. sativa; do I then consult herbarium specimens of Lactuca sativa 
and its various forms for the determination of my plant?; no, for 
there are no such specimens, yet my plant is a plant for all that; I 
merely go back into some old book or some compilation and try to 
identify my plant by an eighteenth century method. 

We are studying our native flora by twentieth centur}^ methods, 
but in large part the common determination of cultivated plants is 
not yet a scientific exercise. 

(The speaker expanded this part of his subject, citing examples 
and making'several applications). 

For our neglect of the cultivated flora, we excuse ourselves by 
many apologies and sophistries. Some of these may be briefly men¬ 
tioned; (a) We say that cultivated plants are so variable as to be 
difficult of study. Suppose they axe: shall we run because the prob¬ 
lem is complex? But probably the statement itself is not true. In 
cultivated plants we are likely to save and name the variables. We 
are always looking for them. We give them a chance to develop. 
But there is nothing in the cultivated flora more inherently difficult 
so far as forms are concerned than Hieracium and Crataegus. The 
groups that are variable in cultivation are likely also to be variable 
in the wild if we were to look for the variations. I might cite only 
the Chrysanthemums, Brassicas, Pyruses, Rosas. We see the varia¬ 
tions in a house of carnations, but we do not see them in Stellaria 
media where they are much greater. When we bring a wild plant 
imder cultivation, we behold it breaking up into variables, as witness 
Capsella, Leucanthemum, CEnothera. The excuse that cultivated 
plants are too variable for study is entirely unworthy, (b) We think 
that cultivated plants are endlessly hybridized. I think this is not 
true. I doubt whether there are more hybrids in cultivated Rubus 
than in wild Rubus. The same thing probably holds in many other 
groups. There are a few great hybrid groups in cultivated plants 
and there are similar groups in wild plants. We invoke hybridity 
as an excuse to cover our ignorance, (c) We think there are no good 
‘'characters’" in cultivated plants. This is not true. We may have 
to take a different attitude toward characters in particular groups, 
but the characters are there if we look for them. A bouse of carna¬ 
tions still has all the essential marks of Dianthus Caryophyllus. 

Am I willing to break with tradition? If not, am I a scientist 
or am I a dogmatist? 

(7) We are partial to “records". We live in the epoch of records 
mther than of results. Records become our household gods. This 
is particularly true with all those subjects that are capable of more 
or less expression in figures and diagrams. We have b^me statisti¬ 
cians, as if merely to accumulate were the end of research. 

Am I willing to abbreviate my records in the interest of a clear 
conclusion ? If not, am I a scientist or am I an accountant ? 
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- (8) We ate partial to our patronymics. We must identify our 

names with ouf work. It is important for us to know who did it, 
that we may have a clue as to how poor or how good it may be, and 
also to aid in making an index. But I am speaking of the attitude of 
mind, of the inclination of the man toward his work. 

We cannot draw a better illustration than from the field of bi¬ 
nomial nomenclature. Thisrange of workis themost egotistic depart¬ 
ment in science, because a personal name goes with every plant-name 
as an appendix of it. We are making rules for the governance of 
noipenclature, but rules are of no value unless they are founded on 
agreement; and for every three persons that agree we may expect 
one who does not agree and the rules thereby become void and often 
mischievous. They do not work merely by majority. In the botani¬ 
cal field, the International rules have solidified the opposition. I 
am not arguing against rules of nomenclature, for I suppose we must 
have them although I wish we might hjive adopted the principle 
of developing agreements rather than making laws; but I wish to 
make the application to illustrate my point. If we were to take 
the man’s name from the combination or formula that he makes, 
we would probably at once eliminate a good half of the new confu¬ 
sions in plant names. The names ccmiplicate the literature, multiply 
the difficulties of subsequent workers. I do not know how to take these 
names off. I suppose it cannot be done. I wish the Botanical Society 
of America would evolve a scheme. All rules allow the patronymics to 
be placed with the new combination, but this does not justify the prac¬ 
tice. If there were some way whereby the combiner would not get the 
‘‘credit” of his patronymic on new combinations, we would at once 
pmll the teeth of many of our difficulties. I do not know who could 
practice this kind of dentistry, but it needs at all events to be under¬ 
taken. 

Am I ready to make a transfer of binomials in Equisetum or 
Rhododendron or Taraxacum without attaching my name to it, 
in case the bibliographical method could be found by agreement? 
If not, am I a scientist or am I an egoist? 

Research: The proper allegorical figure is not Justitia, blind¬ 
folded, balancing her scales. It is rather the marble of Darwin in 
on the great hall at South Kensington, sitting, all senses akrt, thinking. 


Report of the Committee on Research and 
ExperimenhitMm 

During the past several years the Comnuttee on Research «nd 
Experimentation has made reports in which research spirit and 
attack have been outlined, some means of stimulating researdi geaer- 
aUy and specifically expressed, and various possible research projects 
suggested, ^nce this work has been very well done it is domatfifii if 
amrii wouM be gained from a further ext^sion the same type of 
discussion dealing with jdl or any consiiterable porrioat ei those parti¬ 
cular phases of research work. What rrailly is needed now and for 
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the future, is some definite action or suggestion on the specific perplexi¬ 
ties and problems which confront each worker in horticulture, and some 
means of aiding in a mutual exchange of ideas between investigators. 

It would seem, therefore, either that the Committee can now be 
discontinued or given certain functions to perform. Should it seem 
desirable to continue the Committee with an idea that its members 
act in any consultatory capacity whatever, it should be definitely 
understood that they do so only upon the request of any member 
desirous of referring matters to them, there being no intention of 
superimposing such an organization upon the Society, or that it acts 
be regulatory or mandatory. Some specific suggestions as to the 
possible services such a Committee could render are as follows, 
others could be suggested : 

1. To review new projects before submission to or approval by 
station or federal authorities. 

2. To suggest methods, materials, sources of literature, or render 
other assistance in connection with any projected investigation. 

3. To consult personally or otherwise, on work in progress. 

4. To aid in the correlation of work between various experiment 
stations and investigators. 

5. To read critically, or otherwise to make suggestions on articles 
for publication. 

In order effectually to carry out such a program the personnel of 
the Committee should be increased to five members, instead of three, 
one or more representing each of the major lines of interest in horti¬ 
culture. 

Any such arrangement as proposed above can prove of benefit 
or be effective only when entered into with the fullest spirit of colla¬ 
boration on the part of all concerned. It means that the members 
of the Committee must expect to give whole heartedly and freely of 
their time, best judgment, and advice to anyone desiring to make use 
of the same, and yet not become in any sense dogmatic or autocratic. 
It would be a great misfortune for this Society, or any other, to have 
set aside a group of its members who should constitute an authority, 
which should attempt to regulate the activities of the others. Such 
an arrangement would be a most direct and certain way of stifling 
individual initiative and thought, the most valuable of all assets 
in research work. On the other hand no committee can be effective 
imless those to whom it is expected to be of service voluntarily avail 
themselves of the opportunities offered and seriously consider such 
judgments as are sincerely rendered. Now whether there are men 
who are broad enough to serve on such a committee, men in whom 
horticultural workers have full confidence, men who can find sufficient 
time from their own labors really to aid others and who possess a 
spirit of interest in others sufficient to spend many hours in an 
attempt at bettering experimental horticulture, may be open to 
question. 

The whole matter as to the possible continuance of the Committee 
on Research and Experimentation, and if continued what duties and 
functions it is suppo^ to perform, is one which very properly comes 
squarely before the Society for consideration and decision at the 
present time. 
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Items of Business 

Election of Ofpice’rs 

The nominating committee made its report and officers and com¬ 
mittees as listed on page 5 were elected. 

Sectional Meetings not Desired 

It was unanimously voted that we do not attanpt to break up 
into sections in the future, but to have the entire program given at 
the general sessions. 

Abstracts of Papers for Program Committee 

Since there is not always time to read and discuss all of the papers, 
it is requested that abstracts of all papers be furnished to the chair¬ 
man of the program committee. In case of necessity the abstracts 
only will be presented at the meeting, but the entire addresses will 
be printed in the report. 


When Qualifications for Membership are Doubtful 

In case the Secretary has reason to doubt the qualifications of 
membership of an applicant, he may refer the matter to the Executive 
Committee for final action. 


Committee on Research and Experimentation 

This committee was increased to five members and the President 
was instructed to make the appointments. 


Report of the Committee on Resolutions 

Whereas, It has been reported that the Bureau of Plant Industry 
of the United States Department of Agriculture contemplate the 
curtailment of variety studies in vegetables and the cessation of 
studies leading to the publication of variety monographs of the type 
represented by Bulletins 69 and 109 of that Bureau; and 

Whereas, The great importance of such studies as a beis for 
clarifying and simplifying the nomendature of v^^etable varieties is 
dearly recognized by sdentists, seedsmen, and commercial growers; 
and 

Whereas, The nomenclature of vegetable varieties is at ptesexA 
in a serious state of confusion; and 
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Whereas, This confusion in variety names is detrimental to the 
best interests of the vegetable industry of America; therefore be it 

Resolved, That, the American Society for Horticultural Science, 
in Annual Convention assembled, urges the Bureau of Plant Industry 
of the United States Department of Agriculture to extend its studies 
of vegetable varieties as rapidly as possible with a view to puplishing 
authoritative monographs on the various species, and simplifying 
the nomenclature of vegetable varieties. Be it further 

Resolved, That a copy of this resolution be forwarded by the 
Secretary of this Society to the Chief of the Bureau of Plant Industry. 

Whereas, the Americam Society for Horticultural Science feels 
itself indebted to the Committee on Arrangements of St. Louis, 
representing Washington University, the Shaw Botanical Gardens 
and the Public Schools, for placing at its disposal excellent facilities 
for the holding of its annual meeting and for many other courtesies 
that have served to make its meeting both pleasant an dprofitable; 
therefore, be it resolved, that we express our appreciation of this 
kindness; and 

Whereas, Experience shows that there are certain subjects 
presented at the meetings of this Society and certain sections of 
the Botanical Societies that are of equal interest to the members 
of both; therefore, be it resolved that we suggest the desirability 
of an attempt to so organize the programs in the future that papers 
covering these subjects be more completely available to all con¬ 
cerned; and 

Whereas, experience shows that it is often impossible or im¬ 
practicable for members of this Society located at points distant 
from places of meeting to attend the Association gatherings; there¬ 
fore, be it resolved, that we look with favor upon the affiliation with 
this Society of sectional organizations of official horticulturists. 

Respectfully submitted, 

(Signed V. R. Gardner, 

J. K. Shaw, 

B. S. Pickett, 

Committee on Resolutions, 


Smoker 

The smoker was, as usual, one of the most enjoyable features of 
the meeting. About 55 of our members and a few members of the 
American Pomological Society, spent the evening with Dr. L. H. 
Bailey as leader. Dr. Bailey chose as his subject the American 
Pomological Society. He spoke of the founders of the Society, of its 
early activities, of its present decline, and asked for suggestions 
looking toward its rejuvenation. After thorough discussion com¬ 
mittees were appointed and plans adopted to bring this about. 
It was the opinion of most of those present that the revival of that 
old society is at hand. 
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